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ABSTRACT 

Volume 1 of a study designed to conduct a state of 
the art review of driver problem assessment consists of a review of 
related literature* The purpose of the study is to identify 
diagnostic assessment techniques in isolating driver problems* The 
review was based on three levels of information sources: (1) 
information from primary sources*-dri ver licensing file, (2) 
information from secondary sources*-other agencies, and (3) 
information from direct driver measurement* Each level is further 
divided into the following conceptual areas: (1) driver performance 
and ability, (2) human condition and states, and (3) exposure 
variables* Level 1 data sources have the greatest current utility for 
diagnostic assessment in an operational setting, based on the 
relatively inexpensive means of data retrieval and the consistency of 
significant predictors found at this level* Level 2 data present 
several legal and logistical problems due to the privileged 
information requirements and a lack of coordination between agencies* 
Level 3 data usually require further research before their 
operational utility can be determined since they are currently not 
widely used for assessment in social control agencies* The discussion 
is supplemented by illustrations and tables* A list of references is 
given for each chapter, and an author index is included* 
(Author/EC) 
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PREFACE 



The primary objective of this study was to conduct a state-of-the- 
art review of driver problem assessment to identify techniques suitable 
for current diagnostic application. The Final Report, Diagnostic Assess- 
ment of Driver Problems , is comprised of two volumes. Volume Ij The 
State-of-the-Art in Driver Problem Diagnosis , is the result of the review 
of the literature pertaining to driver problem assessment* Volume II, 
Assessment Techniques for Operational Users , documents the development 
of a model diagnostic assessment system for operational users in the. 
traffic enforcement/control system, based on the most useful techniques 
identified in the review- 

The state-of-the-art review describes the utility of diagnostic 
assessment techniques in several human factor and condition areas. 
These techniques utilize Performance, Biographical, Psychological/Social/ 
Attitude, Medical/Physiological, and Exposure measures. A critical review 
was conducted in each of the above areas, and recommendations for fur- 
ther research have been made* 

Several libraries and data repositories were searched in performing 
this review* Activities and sources included; a computerized search 
of the National Highway Traffic Safety Administration Library; a Traffic 
Research Information Systems (TRIS) search of all on-going research in 
the area of diagnostic assessment of driver problems; a National Library 
of Medicine — Medline search of techniques described in the medical liter- 
ature related to diagnostic assessment; bibliographic listings and quan- 
titative evaluations of valuable documents in the field; a search of the 
American University Highway Safety Research Library; and, finally, the 
standard search-and-procurement of bibliographic references found in 
relevant articles and documents. 

Due to the volume of research in the area, it was not possible to 
include all relevant documents in the review. However, an attempt was 
made to select as many representative studies as possible. 

The work described here was performed by HumRRO^s Eastern Division, 
Alexandria, Virginia, Dr. J. Daniel Lyons, Director, as prime contractor. 
This report has been designated flumRRO Final Report FR-ED-75-21. The 
project was sponsored by the National Highway Traffic Safety Adminis- 
tration, under Contract No. DOT-HS-4-01015. Acknowledgements for this 
project are made on the following pageo 



Meredith P. Crawford, President 
Human Resources Research Organization 
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INTRODUCTfON 



Motor vehicle crashes were responsible for 55,800 deaths in the 
United States in 1973, as reported by the National Safety Council (1974), 
making them the sixth leading cause of death in this countiy. Among 
individuals aged 44 and under, they were the leading cause of death. In 
addition to fatalities, 2 million personal injuries and $20.2 billion in 
costs were attributed to motor vehicle accidents, demonstrating the need 
for more effective efforts directed against the problem. 

There have been numerous approaches to the reduction of the traffic 
safety problem. These have included control of highway design and en- 
vironmental factors, improvement of vehicle design and performance char- 
acteristics, and programs directed toward the driver through licensing, 
problem identification, and post-licensing driver controls This review 
will focus on the driver to identify diagnostic assessment techniques 
which appear to have potential for isolating driver problems. 
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PERSPECTIVES OM PIAGNOSTIC ASSESSMENT 



Diagnostic assessment can be viewed as a process of identifying 
problems and directing efforts toward providing soluticms. It can be 
employed primarily in two operational stages: pre-license screening 
and post-license control. 

Most researchers are in general agreement that diagnostic ap- 
proaches in license Screening have limited utility, due to low valid- 
ity of prediction, or 1m ability to identify problems. In addition, 
since most applicants eventually drive, due to society^s dependence on 
automobile transportation, alternatives for providing^solutions are 
usually limited to 5ome form of restricted license, special equipment^ 
or supplemental driver trainini^. 

The assessment of driver problems appears more promising in the 
area of post-licensing control. Diagnostic assessment can have a 
broad impact qn the traffic safety problem if high risk behaviors can 
be identified and effective countertneasures employed before driver 
involvement in a crash. Prom a research point of view, this identi- 
fication/counterir.easure approach involves several distinct phases. 
Oiei task is to identify "types" of drivers most likely to have sub- 
sequent accidents. A separate process is the evaluation of the ef- 
fectiveness of various treatment programs. Finally, assessment and 
treatment programs can be combined to perjnit the prediction of "types" 
of drivers least likely to recidivate once treatment has been ad- 
ministered, which is essential to the concept of tailored treatment 
programs (i*e., predicting success after treatment, rather than simply 
need for treatment). 

Since the dimensions of the problem must be defined before counter- 
measures can be effectively developed and iijiplemented , this review will 
not attempt to specify treatments and countermeasures for classes ,of 
drivers with a particular problem although the synthesis should provide 
guidelines for their development* In many cases, the identification of 
a problem leads directly to a suggested countermeasure. 

The objective of the current review is to evaluate driver assess- 
ment procedures which are useful to predict individual accident risk 
potential (accident liability) within an operational setting such as a 
court or licensing agency^ related driver improvement setting. 

ACCIDENT PROMENESS 

The concept that thei*e are intrinsic human factor*; which predispose 
certain individual drivers to higher accident risk has been termed "ac- 
cident proneness*" This viewpoint has, for several decades, dominated 
research concerned with the relationship between personal characteristics 




1-2 
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and accident rates. Since the basis for diagnostic assessment of 
driver problems rests on the assumption that individual differences will 
be reflected in future accident rates, the concept of "accident prone- 
ness'* should be examined. The most basic questions to be considered 
are these: "Do some people really have more accidents than others?** 
and "Are these differences too great to be attributable to chance?" 
C^^haw and Sichel, 1971). Shaw's own research provides a resounding 
'Tfes" to both of these questions. Over a period of more than— ten years, 
Shaw collected voluminous data on the accident rates of African bus 
drivers en^iloyed by a public transport company in South Africa. Cor- 
relating accident rates of individuals over two successive three-year 
periods, she obtained correlation coefficients in the range of .6 - .7. 
These correlations were sufficiently high that personality tests were 
found to be excellent predictors of high-risk driving."" (It is worth 
noting that these drivers drove over controlled routes so that exposure 
was held relatively constant.) 

Research studies conducted in the United States have failed to 
find such strong evidence of accident proneness , . so that most American 
researchers tend to be dubious about the utility of the concept. A 
detailed series of studies conducted by the California Department of 
Motor Vehicles (1964) greatly illuminate this topic. Using the of- 
ficial accident records of 184,000 drivers in each of the years 1961* 
1963, correlations were ccm^Juted between the accident records^for dif- 
ferent years. The highest coefficient obtained was only .06. Cor- 
relations of this order of magnitude naturally raise doubts about the 
meaningfulness of the concept of accident proneness. It is apparent 
that accidents in America do not have nearly the degree of ten^Joral 
stability of those in South Africa. As a result, liability prediction 
in American jurisdictions is correspondingly difficult. 

A plausible explanation of cultural differences in accident prone- 
ness has been provided by Frank Haight in a review of Shawns research: 

As non-motorized countries pass into mass motorization, 
snd as the driving population expands from a few profes- 
sionals to virtually every able bodied adult, there is a 
repeated sequence of experience: the driving school stage, 
with its fascination with steering and smooth gear changing; 
the long distance stage; the high speed stage, perhaps the^ 
drag racing stage. The final stage uses the motor car un- 
emotionally as a transport means without pushing any capa- 
bility to its limit. Anyone who has driven in a few 
dozen countries can see these stages at work, that is, 
can see a mass population absorbing the technical skills 
and developing the emotional outlook appropriate to 

^ " The same data show that during the period of 1961 and 1962, only 
11% of the staters drivers were involved in accidents. These saine 
accident-involved drivers, however, were involved in only 20% of the 
subsequent (1963) accidents. Thus, 80% of the yearly accidents in- 
volved drivers who had no^ accidents in the preceding two years. 

I"3 
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large scale road transport by private vehicles. Drivers 
gradually learn which of' their abilities, personal habits 
and attitudes are inadequate for successful performance in 
a complex road system and, if they are to continue in the 
system, compensate for these deficiencies in the development 
of their drivinp, style. It seems quite reasonable, therefore, 
that measurement of driver differences is more easily 
accomplished towards the primitive for Jugoslav) end of the 
spectrum than toi^'ards the sophisticated for Califomian) end. 

CHaight> 1972) 

Thus, as individual variation is reduced in more sophisticated 
driving societies, and as accidents become increasingly rare events, 
the operational utility of a concept such as "accident proneness" is 
also reduced. 

However, even in America, there is evidence that on an actuarial 
basis group liability is a function of previous driving history. For 
example, in the same California study, 86,726 male drivers were grouped 
on the basis of number of accidents sustained in 1961. For each group, 
a determination was made of how many accidents they incurred in the 
next one year period. Those who had had two accidents in 1961 sustEiined 
1.9 times as many accidents in 1962 as did the group with no accidents 
in 1961. This relationship could be considered evidence of relatively 
stable personal characteristics which result in "accident proneness . " 
However, since it may also stem from non-personal factors, such as quan- 
tity and quality of driving exposure, 2 or from relatively temporary 
factors such as situational stresses Ce.g.> marital problems, employ- 
ment problems) > we will employ a broader term> and label this concept 
'^accident liability . 

Overall, the positions presented here on "accident proneness'* ap- 
pear to be more a matter of semantics and emphasis than conceptual dif- 
ferences. American researchers Cout of necessity) tend to emphasize 
the situational factors of the highway experience, such as exposure. 
At the other extreme, Shaw emphasizes more person- centered characteris- 
tics > a function of her research findings in a much different situation. 
Operationally the distinctions diminish since either may increase 
validity of driver problem assessment. This review, however, will be 
oriented primarily toward assessment in a more sophisticated and con- 
trolled driving environment, where variation among drivers is low> and 
temporal stability of criterion measures is reduced. The implication 
of this increasing driving sophistication is that to effect ^ large 



It is essential, in examining accident proneness> to control for 
amoimt of exposure to the possibility of accidents Cin terms of the 
amounts and kinds of driving}. Adams C1970) adds that one must also 
control for variations in propensity to accept or reject hazards-- 
what he calls ^'exposure proneness." He feels that exposure prone- 
ness may be a far more significant contributor to accident records 
than accident proneness- 
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reduction in the human factors area o£ traffic safety problems, diag- 
nostic methods must be developed which will allow prediction of a 
broader range of problems, including a driver*s first accident* 

Operational systems often use jpoint or entry criteria to define 
the driver with a history o£ accidents or violations as a "problem dri- 
■^er," but the identification and treatment of problem drivers alone can 
have only limited impact on the total accident picture* A broader ap- 
plication o£ assessment techniques is needed to identify problems among 
those drivers who have not yet exhibited a poor driving history. In 
addition, specific types o£ driving errors, not simply '^problem driving,** 
mtist be identified to select appropriate countermeasures * Thus, em- 
ploying techniques at various intervention points in the traffic system 
will be useful to assess the presence o£ specific high risk behaviors 
and their determinants among a larger proportion o£ the population, re- 
gardless o£ driving history. The current review will therefore refer to 
the ''problems of drivers," rather than the ^'problem drivers,** 

The problems of drivers can be many. As early as 1949, the thesis 
was advanced that **a person drives as he lives** (Tillman and Hobbs, 1949), 
or, that those who have repeated difficulties in other areas of social 
adjustment will have similar problems with driving. Other researchers, 
notably McFarland, have more recently reached the same conclusion; 

**.*,the entire adjustment complex of the individual 
reflects the accident record of this person as a 
driver," (McFarland, restated by Lucas, 1970) 

The implication of these statements is that assessment techniques 
which validly detect problems in any of the numerous areas of social ad- 
justment might also be useful in driver assessment. Consequently, this 
review will discuss many broad areas of individual assessment, including 
some which are seldom included in driver assessment programs* 

LIMITATIONS 

Throughout the preceding discussion we have mentioned some of the 
limitations of diagnostic assessment in the field of traffic safety* 
These factors will also be discussed in depth in subsequent chapters, 
but will be summarized briefly here* 

First, there are two major systematic errors which can bias the 
interpretation of most driving data* One is the problem of controlling 
for exposure* Althou^ gross accident and conviction statistics are 
useful for administrators to define the magnitude of highway safety 
problems, exposure control is essential for individual diagnosis* To a 
very real extent, the nunfcer of accidents and traffic convictions is a 
function of the number of miles driven. An individual driver's contri- 
bution to hi^way risk must therefore be measured by **per-mile" acci- 
dents, not simply total accidents (amount of hazard per mile is equally 
relevant)* The other major type of interpretation problem is the many 
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forms of data reporting bias. Undetected driving errors are often not 
randomly distributed. Certain classes of drivers may be able to settle 
minor accidents amicably without police intervention. OtJiers may be 
able to resolve traffic citations without a notation in the driver*s 
record. Plea bargaining may systematically reduce or eliminate con*- 
victions. For example, persons represented by attorneys may be more 
likely to have severe charges reduced. Any driver data collection sys- 
tem must be examined for these and other reporting biases. 

Another problem is that driving reciuirements are not static; they 
change with age, experience, joins, marital status, economic status, and 
geographic location of one's residence. Research studies in this field 
seldom address the issues of effective "life-span'^ of predictor variables. 

Another very limiting factor is the lack of a stable and valid cri- 
terion to measure driving errors. For the most part, diagnostic ap- 
proaches in operational and driver licensing improvement systems have 
used driving records as the primary criteria for classifying deviant 
drivers into groups such as ^'negligent driver'^ or '^problem driver." The 
use of these criteria represents at best a crude approximation of under- 
lying factors which predispose one to hi^^h risk behaviors.. As the dis- 
cussion of accident proneness indicated, high, relationships of predictor 
variables with total accident criteria will be difficult to demonstrate, 
since in this country accidents are relatively rare events, and on an 
individual basis, are usually an unstable criterion over time* This 
problem can only be partially remedied by using traffic convictions 
(which are about 3 or 4 times as frequent) > since the relationship be- 
tween accidents :ind convictions for individual drivers is not clear. 
Convictions could represent "accident proneness >" or merely ^^getting 
caught proneness." Total accident or conviction statistics also pro- 
vide little behavioral description of the driving. errors involved, which 
is necessary for specific countermeasure assignment. Dividing con- 
victions by types > or accident-related conviction types (e.g., an acci- 
dent-related right-of-way violation) is a partial solution, but it 
aggravates the previous rate-event/temporal stability problem. 

Finally, all programs aimed at increasing highway safety must be 
cost-effective* A r^^duction in total accidents means little unless tlie 
societal costs of the accidents avoided can be compared with the societal 
costs of the reduction effort. Predicting accident-cost liability would 
be more useful operationally than simply predicting accident liability* 

The ideal diagnostjx systein then> should contain detailed informa- 
tion on driver errors so that problems can be diagnosed. In addition, 
severity data would allow countermeasures to be cost-effectively applied. 
Unfortunately, detailed descriptions are seldom available in an integrated 
fashion* Information often is scattered throughout research studies an-d 
in various agency files, in one form or another. To the extent po^^sibIc, 
we will attempt to relate these factors to diagnostic systems, and i.dcn'- 
tify areas which appear to be critical for further research. However, 
most research has suffered from one or more of these criterion-related 
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disadvantages, so that conclusions must often be based upon inference 
rather than fact. 



RESEARCH TRENDS 



In recent years attempts have been made to overcome the criterion 
definition problem by conducting in-depth investigations of collisions, 
to evaluate the roles of interacting environmental, vehicular and human 
factors in accident causation. These investigations (some including 
over 800 variables) represent significant improvement in the attempt to 
understand the complex interactions among driving-related variables. 
Although the determination of causal factors is subject to error, since 
judgments must be made after-the-fact, these investigations do give a 
more complete view of the total system and point to areas in which 
change can be effected — the environment, the vehicle, or the driver. 
As a result, this review will frequently rely on the results of such 
investigations to help clarify causal relationships, and to provide 
supporting documentation for the role of the driver. 

In driver licensing/improvement the quality of the research has im- 
proved substantially in recent years. Evaluation efforts have in- 
creasingly recognized the need for more comprehensive assessment of the 
driver, rather than limiting assessment to a particular problem. Bat- 
teries of psychometric tests and other devices are being used to isolate 
particular problems within the negligent driver population, and dif- 
ferential treatment programs are being initiated. 

In the court setting, large scale efforts are underway to diagnose 
drivers with drinking problems. Diagnostic procedures are being ap- 
plied on an experimental basis to young habitual violators to determine 
the relationship between personal characteristics and treatment effective- 
ness in reducing recidivism. 

An attempt will be made to isolate approaches and areas of investi- 
gations which have practical utility. In doing so we will determine ad- 
ditional short- and long-term research requirements to improve assess- 
ment. At the same time, the need for instrument refinement will be 
identified. As appropriate, socio-legal issues will be addressed. 

As in many areas of investigation, more questions are raised than 
answered. It is clear that many of the unresolved issues are a function 
of inadequate research methodologies, use of differing or poorly defined 
criteria, unclear delineation of contributing factors, or narrow research 
perspectives. In general, much of the research appears to have been con- 
ducted in isolation. Specific recommendations for more uniform approaches 
will be outlined in this review. 

Through a systematic review of the literature we will attempt to 



1-7 



22 



"pull together'^ empirical findings and opinions of operational ''as- 
sessors'' in developing a prototype as^f^essment model foi' use in opera-- 
tional 5ettings . We shall also attempt to relate research findings to 
'^target groups/* or high accident liability classes of drivers, for 
'srhom the need for specialized diagnostic assessment is especially great. 

APPROACH 

To determine an appropriate frameisrork which can relate assessment 
techniques, operational settings, psychometric properties, and "target 
groups/' the inter- relationships of these concepts mu^tt be examined. 

One of the ai;suinptions underlying the development of diagnostic 
driver assessment techniques is that certain variables can be used 
to partition the driving population into a number of sub-populations. 
Among these sub-groups, these exhibiting high accident liability can 
be designated "target groups." As the number of (valid) variables used 
to partition the population increases, and probability estimates become 
more refined, the size of the resultant "target grouDs" decreases.^ 

For operational purposes, not every variable can be collected for 
evfiry driver. Some variables may be cost-effectively (or csven appropri- 
ately) collected only for certain sub-populations. Tiius, target groups 
have often been considered preliminary divisions of the driver popula- 
tion. The^designation of particular sub-populations as a target group 
is an administrative decision based on cost-effectiveness, political 
implications, and other considerations. Within the highest of these 
preliminary liability classes, it is hoped that further refinement of 
potential accident liability can be made using assessment techniques. 

Assessment techniques are any methods used for collecting informa- 
tion (variables) which can partition the driving population into target 
groups. Asking a license applicant to write down his age, or issuance 
of a traffic citation are both assessment techniques, although the data 
collection methods may vary. 

The selection of the variables (techniques) to be collected (used) 
for every driver to determine accident liability class remains with the 
individual licensing agency, which must weigh potential gain?; rs. in-, 
creased cost. This review will attempt to demonstrate the relative pains 
in predictive potential using increasingly descriptive assesiiment 
techniques. 

^ Extending this assuinption further, perfectly reliable and valid 
assessment techniques (ignoring, for the moment, transitory charac- 
teristics) would allow the total driver population to be divided 
into sub-groirps, each containing only one driver. The exact future 
driving record of each individual could thus be predicted. Since 
presently available assessment techniques are far from being per- 
fected, we are forced to settle for ''targnt groups." 
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OPERATIONAL REQUIREMENTS 



To be useful for diagnostic assessment, every technique must be 
reliable, i.e., capable of consistently producing the same result on 
different occasions* This is not always the case with, for exanqple, 
psychological tests. There is one other essential psychometric re- 
quirement which a predictor variable must meet. A variable must 
exhibit a demonstrated relationship with future driving criteria to 
be useful in creating meaningful driver "target groups." The degree 
of this relationship, or predictive validity, varies widely among the 
currently available diagnostic assessment techniques. Finally, vari- 
ables must also be "true" predictors— obtainable prior to the event 
being predicted. 

In addition to psychometric requirements, there are some other 
operational requirements which must be considered in variable selec- 
tion for target group definition. One important constraint is amount 
of difficulty, time, and expense required to collect the data. Another 
is the possible controversial nature of the data* In some cases, the 
data collection process may also be subject to legal constraints. 

ORGANIZATION OF REVIEW 

Diagnostic* assessment techniques have often been classified by 
conceptual areas such as measures of "alcohol problems,'* "attitude 
problemsj," "medical problems," etc. Although this approach may ap- 
pear to provide a clear organizational structure, it suffers from a 
certain lack of comprehensiveness, since driver problems are seldom 
confined to one area and patterns of problems often exist. 

In addition, it does not address a most important operational con-, 
sideration — sources of data. To be sensitive to operational issues as 
well as conceptual, we have attempted to group techniques by the ap- 
parent degree of difficulty involved in obtaining the data, as well as 
by conceptual area. The following were arbitrarily chosen as our 
levels of difficulty* They are also the titles of our first three 
chapters . 

Chapter l INFORMATION FROM PRIMARY SOURCES (Level I) 

Data available at a driver licensing agency (not 
all of the information referred to in this chapter 
will be available at all such agencies). In most 
instances, other driver control agencies such as 
court systems will have (or should have) access to 
licensing agency files. 



^ see McGuire (1969) 
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INFORMATION FROM SECO^JDARY SOURCES (Level 11) 



Data already collected and obtainable from 
sources other than the driver* This includes 
iiny information not available directly at a 
licensing agency, but whicli is potentially easy 
to obtain, often by a phone call* Examples in- 
clude hospital records > criminal records > mental 
health treatment records, etc* 

Chapter 3 INFORMATION FROM DIRECT DRIVER MEASUREMENT 

(Level III) 

hata for which the driver must be located to 
complete a test> interview, or questionnaire. 
Physically locating! a driver must be con- 
sidered more difficult than simply finding his 
records. This chapter includes telephone sur- 
veys > interviews > psydiological tests > etc. 

Throughout the text> these types of sources will be referred to as 
Level I sources. Level II sources, etc. As we have stated, the levels 
have been somewhat arbitrarily chosen. A variable available at a 
driver licensing agency in one state (e.g., marital status), might be 
available only from a secondary source (another agency) in another 
state, and might require interviewing the driver in a third state.* 
Thus, our review represents a generalized conception of a current 
driver control system* It is not intended to be a static model. Any 
technique can be moved from one level to another, if such a change 
appears warranted. To illustrate a change from Level III to Level I> 
the administration of a particularly usefui psychological attitude 
test, which now requires locating an individual driver, could instead 
be performed routinely as an adjunct to all license and renewal ap- 
plications, with the scores retained in every driver*^ file. These 
scores could then be easily used as a ''first-cut" to determine accident 
liability class* 

The majority of current researdi is being conducted using Levels 
I and III* as data sources. Level I (licensing agency" records) offers 
for the most part, descriptive data on accidents and violations, as 
well 35 various biographical information such as age, sex, and marital 
status. Since these data^ sources are usually quite accessible, a sub- 
stantial body o£ research will be reviewed in Oiapter i. Although 
Level 11 (ot^sr agency) data sources are numerous > this area repre- 
sents the largest gap in research. This gap is du^, in part, to the 
difficulty within research programs of coordinating thp efforts of 
several agencies with different orientations, and in part to the 
obligation incumbent upon these other agencies [e.g,;, mental health, 
medical) to protect certain information obtained from clients. Level 
III sources (direct driver measurement) are almost by definition areas 
o£ research. Thei^e sources are not yet operational, yet through their 
use, techniques may be developed for inclusion at Levels I and II. 
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Additionally, Level III sources can also provide some verification and 
integration of Levels I and II. 

Since our levels of information sources have been operationally 
defined (by amount of difficulty in data collection), they are not 
necessarily research levels. ReseftrcH findings at one level may be 
useful to explain variables which are operationally eniployed at another 
level. Thus, some research results, notably the multi-disciplinary 
accident investigations, may be found throughout our chapters, wherever 
they might be useful to explain information from more conventional 
sources . 

In summary, we have attempted to classify assessment techniques by 
the level of difficulty currently involved in using them in operational 
settings. Within each level we have then addressed conceptual areas and 
psychometric properties. Our distinctions have been arbitrary, but hope- 
fully will illustrate the degree to which increasingly difficult to ob- 
tain information increases the overall knwledge of the driver* 

To maintain continuity, we have further divided each of our "levels 
of difficulty'' chapters into the following conceptual areas' 

• Driver Performance Variables 

• llujnan Conditions and States 

Biographical Variab les 

Psychological /Social/ Attitude Variab les 

Medical/Physiological Variables 

• Exposure Variables 

These distinctions have been made since the human condition variables 
are useful \n accident liability prediction only as predictors, while 
the driver peirformance measures which are available in various forms 
at various levels can be used not only as predictors, but also as sub- 
sequent criteria* Under the second section , ''Human Conditions and 
States," it should be noted that the three sub-headings are also ex- 
tremely arbitrary* Many variables could have been discussed under sev- 
eral headings. Marital status is discussed under "Biographical" vari- 
ables, while "Divorce," considered a stress factor, is included under 
the "Psychological/Social/Attitude" heading- The third section, "Ex- 
posure Variables," discusses any variables which qualitatively and 
quantitatively describe the driving environment (e-g-, area of resi- 
dence, annual mileage^ etc-)- Although these variables do not directly 
describe the driver, they have been shown useful in interpreting the 
other driver descriptions. 

Table l-l presents a summary of the kinds of variables included 
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TABLE I-l. ORGANIZATION OF REVIEW 





HUMAN CONDITIONS AND STATES 




LEVEL OF 
OBSERVATION 


PERFORMANCE 


BIOGRAPHICAL 


PSYCHOLIGICAL/ 
SOCIAL/ATTITUDE 


MEDICAL/ 
PHYSIOLOGICAL 


EXPOSURE 




Convictions 


Age 


Type of Motor 
Vehicle 


^^edical 
Impairments 


Class Mileage 
EstirnatQs 




► Accidents 


Sex 


1 


Vision Testing 






Knowledge 
j Testing 


Marital Status 






Class of 
Licence 


I 


[ Driving 
1 Ability" 
1 Testing 

j Driver 
! Improveinent 
! Actions and 
[ Sanctions 

i 

\ 


Race 

Driver 

Education 
Height 
Weight 






Motor Vehicle 
Ownership 

Local Accident 
and Conviction 
Rates 

Area qf 
Residency 


ir 


rO j-ice 
Accident 
Reports 


Socio-Economi c 
Status 

• Occupation 

• Education 

• Credit 

Rating 


Divorce 
Criminal 

Convictions 
Unemployment 
Mental Health 

Reports 


Alcoholism 

Treatment 
Drug Usage 


Time of Day ^ 

in QUCCQ 

Exposure 




Search 


Fami ly 

Relationships 


Situational 
Stress 


Alcohol 
Related 
Problems 


■ 1 ' 1 L . P 

Estimated 
Mi leage 




Detect 


Socio-Economic 
Status 


General 

Personality 
Characteristics 


Fati gue 
Effects 


Qualitative 
Exposure 
Varipbl^s 


III 


Identify 

Situation 

Diagnosis 
Action 

Selection 
Action 

Execution 

• Simulator 

• Observation 

• Road 


lifestyle 

• Activities ■ 


Driver-Specific 
Personality and 
Attitude 
Measurement 

I 












1 
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within each conceptual area at each level of observation (or difficulty) 
The first three chapters of this review will proceed across a row of 
this model. Within each of these sections, we will attempt to describe 
variables by their psychometric utility and describe any applicable op- 
erational constraints- Each chapter will concltjuie with a brief suimnary- 
A summary of the ^'state-of-the-art*' of driver problem diagnostic assess- 
ment (Chapters 1-3), as well as recommendations for the future, conqprise 
Chapter 4, 
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Chapter 1 

INFORMATION FROM PRIMARY SOURCES 



Most studies of accident prediction conclude that certain vari* 
ables from the motor vehicle operator*s prior driving history> found 
in state driver control agency £iles> are among the best of the 
numerous available predictors of crash liability* State driver licens- 
ing and improvement agencies, for purposes of this review> have been 
defined as the primary source of such driver information* We shall 
discuss information which is currently available within most of these 
agencies (all will not be available in all states) which appears to 
have some utility for accident liability prediction* (It is presumed 
that other driver control agencies, such as traffic courts> will have 
access to the licensing agency* s records* ) Almost all of the primary 
source data can be obtained from state driver licensing records. 

In 1967> NHTSA (then NHSB) established minimum requirements for 
state driver record files. A summary of these requirements is 
presented as Table 1-^1 C^o^d^Ti and Wil son > 1971) * Driver record data 
is divided into two sections. Identification and History* Very little 
of the identification information has been shown to be useful for 
accident liability prediction except age and sex of the driver> 
although all of the prior driving history variables have shown at 
least some utility. 

This chapter will review any useful information in the required 
state driver license files> as well as other information, not required 
of all states> which has shown some utility in the jurisdictions 
where it is available* In addition, some useful information which 
can be found in separate records, such as Hiedical or accident files> 
and certain demographic information which often can be obtained within 
the licensing agency> will be discussed* 

Finally, since many variables, such as past citations, accidents, 
court actions, DMV actions, etc*, are subject to numerous statistical, 
methodological, and data collection problems, yet are still useful to 
the extent that these problems can be controlled, these and other 
limitations will be discussed for each variable as operational 
constraints. 
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TABLE VI. MINIMUM DRIVER DATA ELEMENTS THAT SHOULD BE 
COLLECTED* STORED AND RETRIEVABLE. 



1- Identification 

Name — last, first and middle 

Address — house number, street, city, state, zip code 

Identification number 

Date and place of birth 

Sex 

Height 

2. History 

Driver education 

# Program type 

# Performance 

• Year of completion 
Licensing 

• Date of examination 

# Results 

• Restrictions 
Medical 

• Physical deficiencies 

• Mental or nervous impediments 
Driving performance 

# Accident involvements 

• Traffic violation convictions 

# Department actions 

# Driving exposure 



Source; Jordan and Wilson (1971) 
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DRIVER PERFORMANCE AND ABILITY 



The data foimd in most driver licensing files conunonly emphasizes 
various aspects o£ P^st driver performance. These data are often div- 
ided into several general types of information, including: 

• Traffic Accidents and Convictions 

• Licensing Knowledge and Performance Testing 

• Driver Improvement History 

Although each of these types of information is of some utility for pre- , 
diction of future problems, the first category is the best available 
measure of actual, on-road performance, and therefore is also useful as 
a criterion measure* The second type of data, licensing knowledge and 
driving ability testing, is often used as an intermediate criterion 
when actual on-road performance criteria are unavailable (e.g., in short- 
term evaluation of training programs or for new license applicants). 
The driver improvement history information is useful both for prediction 
and for program evaluation, but is of little value as a driving criter- 
ion, except as it reflects past accidents and convictions* This review 
will therefore discuss each of these three types of performance measures 
separately* 

Although this performance information is available in all licensing 
agencies, a recurring problem for accident liability pre:diction is the 
very general level of data reporting. Specific details of accidents, 
convictions, and licensing tests are often missing. As a result, when 
these data are used as criterion measures, the conclusions drawn must 
often be very general in nature. The following sections will describe 
the utility and the problems in using these types of data, both as 
criterion measures and as predictors of subsequent criteria- 

TRAFFIC ACCIDENTS AND CONVICTIONS 

Traffic safety research has historically been directed toward 
reduction of accident rates.. As a result, accident frequency has been 
a logical criterion measure for measuring program effectiveness in the 
conduct of experimental studies- Traffic convictions have also held 
intuitive appeal as indicators of driver errors. The availability of 
traffic accident and conviction data has further encouraged such research- 
Unfortunately, there are a number of statistical disadvantages which limit 
the effectiveness of both of these as driving criteria- These problems 
ar? discussed below. 
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The Rare Event Problem 



The largest problem in the statistical use of accident data is the 
fact that accidents are rare events. California data has shown that 89% 
of all drivers are accident free over a two-year period* (California 
Department of Motor Vehicles, 19650 Consequently, very large sample 
sizes and extended time frames are needed to conduct meaningful research* 
Since convictions occur about three times as frequently as accidents, 
they are much less subject to this problem* 

Accident and Conviction Distributions 

There is some question whether the distribution of these events 
differs at all from distributions of random events* Peck, McBride, and 
Coppin (1971) reported that accident and conviction frequencies differed 
significantly from theoretical random Poisson distributions, indicating 
that some non-random factors are involved* These authors did not, 
however^ control for exposure of individual drivers* 



Lack of Temporal Stability 

Another significant problem is the lack of stability of accident 
and conviction data over time* Peck, McBride, and Coppin il97l) computed 
stability coefficients for accident data over various time intervals* 
All correlations were significant, but very low, and generally higher 
for males than females*^ The correlations among conviction data (Table 1-2) 
are much higher than those for accident data (Table 1-3), suggesting one 
advantage to employing conviction data as a criterion* 

The Relationship of Convictions and Accidents 

Despite low temporal stability, numerous studies have shown that 
past accident and conviction data are still among the best available 
predictors of future accident liability. 

There is a wide range of literature which examines the relationship 
between past and future accidents and convictions* Prior convictions 
have often been associated with current accidents* For example. Baker 
(1970) reports that 42% of fatally injured drivers: studied had two or 



The authors ^'oint out that these correlations axe measures of temporal 
stability only^ *md not measures of reliability, since the concept of 
reliability Tt'jK:s on the assumption that all other conditions remain 
constant over une, which is definitely not the case* 
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TABLE 1-2. CONVICTION-CONVICTION CORRELATIONS OVER TIME* 



Years Correlated 


Males 


Females 


1961 by 1962 


0.252 


0.142 


1962 by 1963 


0.239 


0.153 


1961 by 1963 


0.217 


0.137 



Source: Peck> McBride> and Co pp in (1971)* 



All correlations are significant at beyond 0.01 level of confidence. 



TABLE 1-3. ACCIDENT-ACCIDENT CORRELATIONS OVER TIME 



Years Correlated 


Males 


Females 


1961 by 1962 


0.054 


0.028 


1961 by 1963 


0.036 


0.041 


1961, 1962 by 1963 


0.060 


0.041 


1962 by 1963 


0.050 


0.028 



Source: Peck> McBride> and Coppin (1971). 



33 



more traffic convictions in the previous three years> while Peck 
et al.; (1971) report only 6-7% with two or more convictions in the 
general driving population. Similar ly> prior accidents have been 
associated with current convictions- Perrine et al. (1971) report 
that 22% of their recent DWI arrest sample had two or more accidents 
in the previous five years > compared to 9% for their roadblock control 
group. 

Of these two common performance measures, convictions have been 
consistently shown to be the more useful predictor. Peck et al.> 
(1971) have shown that correlations between convictions and accidents 
over time (Table 1-4) are greater than correlations of accidents with 
themselves. The authors provide the explanation that "convictions 
probably contain some of the same behavioral elements as accidents, 
and are more stable > sensitive measures of individual differences in 
driving behavior." 

Many reported relationships between convictions and accidents 
are contaminated by the inclusion of "spfurious convictions" (convic- 
tions resulting directly from accidents). Including these convictions 
when examining concurrent convictions and accidents can yield mis- 
leadingly high relationships. Such statements as "40 percent of the 
drivers involved in one accident had at least one citation" (0*Neall> 
1967) can be very misleading, since that "one citation'* may often have 
resulted from the accident in question. By removing these spurious 
convictions, a more accurate description can be found. 

Table 1-5 (from the California Department of Motor Vehicles, 1965) 
indicates the accident rate for each level of convictions with spurious 
convictions excluded. The results indicate increasing accident rates 
for increasing numbers of convictions- Drivers with 9 or more convic- 
tions in a three-year period were involved in 6.5 times as many acci- 
dents as those with no convictions. Although these data reflect a 
dramatic increase of accidents associated with convictions, the magni- 
tude of the relationship is somewhat misleading. Using statistics 
based on individual variation, the relationship appears somewhat lower- 
Translating the same data to a correlation coefficient, the equation 
r = 0.23 results, i.e., approximately 4% of the variability is 
explained. While accidents do tend to increase as a function of 
convictions, a large proportion of drivers remain accident-free. The 
relatively small number of drivers at the extremes (e.g., six or more 
convictions) have high accident rates, but their contribution to the 
overall relationship between convictions and accidents is small. 
These data are shown in Figure 1-1, which also depicts the effect of 
including spurious (accident-related) convictions. 

Many authors, using multivariate methods, have' found that total 
nximber of traffic convictions (or moving violations) is the best single 
predictor of accident involvement (McGuire, 1969; Harano et al., 1973) 
Peck, McBride, and Coppin (1971), using multiple regression to predict 
accidents by driving records, also found total convictions to be the 
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TABLE 1-4. CORRELATION BETWEEN ACCIDENTS AMD CONViaiONS 



Convict ion 


Accident 






Year 


Year 


Males 


Females 


1961 


1961 


0.116 


0.072 


1961 


1962 


'0.089 


0.066 


1961 


1963 


0.075 


0.048 


1962 


1962 


0.115 


0.073 


1962 


1963 


0.083 


0.057 


1963 


1963 


0.100 


0.069 



Source: Peck, McBride, and Coppin (1971), 
All correlations are significant at bey<md 0*01 level o£ confidence. 
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TABLE 1-5. DIFFERENTIAL ACCIDENT RATES BY NUMBER OF COUNTABLE CONVICTIONS 



(Three-year period) 



CO 



Countable 
convictions** 


drivers 
(N m 148,006) 


Number of 
accidents 


fib W^U^ll L 9 

per 100 
drivers 


"Times 
AS 

miny'** 




94 117 


12 83S 


Jm.*T 


1 nn 
X • uu 














12 048 








• 


5 22Q 










2 385 


1 3A8 




A. 1 A. 




1 273 


fy\j 






6.... 


659 


422 


64 


4.70 




334 


263 


79 


5.77 




157 


108 


69 


5.04 





181 


161 


89 


6.52 



*Thls number represents the relative increase In accident rate over the "0 countable convictlona** group. 
**Excludes all "spurious" convlctlons-that is, those which have resulted from a reported accident. 

Source: The Califomia Department of Motor Vehicles (1965) 
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Source: California Department of Mbtor Vehicles [196S) 



FIGURE 1-1- MEAN ACCIDEI^TS BY SPURIOUS AND NON-SPURIOUS CONVICTION COUNTS 

(3 Year Record) 



best predictor of accidents* Very little overall prediction was gained 
by adding to the equation other variables such as violations by type, 
or violations by point count, as predictors* Marsh and Hubert (1974), 
and Harano (1974) found that multiple regression equations developed 
to predict convictions, predicted accidents in a cross-validation 
sample better than equations developed to predict accidents. Carlson 
and Klein (1970) found that the traffic conviction records of students 
are even significantly related to their parents* traffic histories, 
suggesting that not only do drivers "drive as they live,** but that 
they drive as their parents drive\^ Schuster (1968) reports that 
previous driving history (accidents and violations), combined with ^ 
various attitude scales (Chapter III) were found to be the best 
predictors of future accidents. Class of license (Operator vs. 
Chauffeur) and total speeding convictions were also significant. 

Tables 1-6 ^ 1-7 demonstrate some representative findings of research 
studies employing past convictions and accidents as predictors of driv- 
ing errors. The correlations using total convictions are relatively 
high compared to other potential driver record variables. In general, 
as the criterion measure becomes less frequent, the correlations become 
somewhat lower, due to increased instability. This applies to total 
accidents, accident types, and conviction types. (Although unstable, 
accident and conviction types are currently among the best indicators 
of specific driver problems-) 

In stmunary, it would appear that gross accident or conviction 
statistics alone are insufficient evidence on which to base an estimate 
of accident liability. Nevertheless, they are still the best available 
single predictors, and should be included in any diagnostic assessment 
system. 

Accident and Conviction Types 

The analysis of traffic convictions by type of violation has pro- 
vided useful information on the types of errors made by^ various classes 
of drivers (e.g., Harrington and McBride, 1970; Peck, McBride, Coppin, 
1971; and Marsh and Hubert, 1974). However, this level of information 
can be considered only a very gross measure of the types of errors that 
actually occur. In addition, the use of any particular violation type 
as a criterion greatly increases the rare-event probl^. 

Although specific accident descriptions or even accident summaries 
are seldom included in driver licensing files, a similar degree of 
accident description can often be obtained from the types of convictions 



Wallace (1969) also found a significant relationship between an 
individual's driving record and the number of people in his family 
with poor driving records. ' 
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Table 1-6. Selected Studies Using Convictions as an 
Assessment Variable 
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[ 
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8S 
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Table 1-7. Selected Studies Using Accidents as an 
Assessment Variable 
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which resulted from accidents. Since many accident -involved drivers are 
not convicted of any violation, even the use of total number of accident- 
related convictions as a criterion significantly increases the rare event 
problem. Examining only one type of accident-related conviction further 
exacerbates the problem. For example, the prediction of accidents involv- 
ing "Right -of*Way*' violations would require an extremely large saniple 
size. Despite this problem^ a breakdown of accidents by conviction type 
is among the few practical techniques for examining differences among 
driver errors. As we shall see, there is considerable evidence that 
drivers do vary by types of errors which lead to accidents. Predicting 
only total accidents will mask these variations^ inhibiting both specific 
diagnosis and specific coxmtermeasure assignment. 

The following sections discuss som^ of the common violation and 
accident -^associated violation types. (Table 1-8 presents some representa- 
tive research findings.) We have arbitrarily divided such convictions 
into the following types of driver errors: 

• Alcohol-Related Errors 

• Risk-Taking Behavior Errors 

• Recognition Errors 

This a priori '^clustering" of conviction types has not, to our knowledge, 
been experimentally verified. It is merely our best estimate of the 
communalities among driver errors^ as represented by traffic violations. 
There may, of course, be some overlap among these factors. 



Alcohol -Related Errors 

The driver problem which appears a most prominent contributor to 
the highway death toll is alcohol usage. Statistical evidence has iden- 
tified alcohol as the most frequent factor in all automobile accidents. 
Generally, association of alcohol with automobile accidents seems to 
increase proportionately with severity of accidents. Minor accidents 
show unclear or very low degree of alcohol involvement; more severe 
"accidents show a more pronounced association with alcohol. The National 
Safety Council estimated that alcohol was a factor in 800,000 of the 
14 million minor auto accidents in 1969^ and in half of that year's 
55,000 highway fatalities. 



A factor analysis of driver record variables was conducted by Harrington 
(1968), but his data included relatively few categories of moving violations, 
some non-moving violations, and biographical data C^g^* marital status, 
height, and weight). Analyses were conducted separately by sex. Result- 
ant factors (same for each sex) were labelled — moving violations, non-moving 
violations, age, weight, and height. The analysis was somewhat confused by 
the inclusion of different types of variables, so that factors of moving 
violation types were not possible. A replication of this study, using only 
moving violations broken into specific types (and using grouped data, if 
necessary), would be highly desirable. 
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Table 1-8. Selected Studies Using Conviction Types as 
Assessm^t Variables. 
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Table V8. Selected Situdies Using Conviction Typias as 
Assessment Variables (ContJ 
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There is> however> considerable controversy surrounding the accuracy 
and interpretation of statistics such as these* According to Zylman 
(1973) > these statistics are not only misleading, but also cannot be 
substantiated by any reliable data. By applying the most reliable data 
and taking into account passengers and pedestrians, Zylman concludes 
that the number of **alcohol*involved traffic deaths" is reduced from the 
more-than-half figure to 39%> and the nmber of fatality victims found 
to be drunken drivers can be reduced from a range of 28>000-35>000 to 
less than 13>000. However> Zylman's recomputed fatal accident statistics 
are also misleading. By using data which examine blood alcohol concen- 
trations (BAC^s) of individual victims > appropriately including passen- 
gers and pedestrians, but which also examine each fatality as an independ- 
ent event> a significant source of bias is introduced. Non-drinking 
drivers who are killed by drunken drivers appear as non-alcohol related 
victims in Zylman*s statistics.^ His figures do reflect the absolute 
nmbers of intoxicated individuals who are killed (drivers, passengers, 
and pedestrians), but clearly underestimate the issue raised by the 
Safety Council statistics — the nmber of automobile deaths in which alcohol 
was a factor, which Zylman*s figures do not even address. 

Other researchers have argued, more convincingly, that statistics 
on alcohol as a factor in vehicle accidents tend to underestimate the 
problem. For example, in accidents involving fatalities, many coroners 
do not routinely perform blood alcohol analyses — an omission that allows 
alcohol involvement to go undetected. Unless there has been a dangerous 
traffic violation, police officers do not always detect low to moderate 
concentrations of alcohol. Some officers tend to be reluctant to charge 
drivers with alcohol violations because alcohol convictions often carry 
severe penalties; others are reluctant to issue citations for alcohol 
involvement because offenders are often convicted of less serious vio- 
lations, such as reckless drivipg or speeding, rather than of the ori- 
ginal charge involving alcohol.^ Finally, sc«ne jurisdictions purge 
(or refuse to disclose) alcohol-related conviction data after the driver 
has completed an alcohol rehabilitation program, to enable the driver to 
retain his automobile insurance. In each of these instances, alcohol 
statistics become underestimates. Since the evidence for the possibil- 
ity of statistical underestimates in alcohol -related accident data is 
impressive, we are inclined to believe that the alcohol-related traffic 



4 

One estimate of the number of innocent drivers killed by intoxicated 
drivers places this figure at 44% (Committee on Public Works, 1968). 

5 

One survey (Perrine et al., 1971) has shown that 81% of all DWI arrests 
involved individuals with blood alcohol concentrations of 0.15% or more. 
This is well above presumptive limits for intoxication, which usually 
range from 0.08% to 0.10% iTTthis country, implying that many drivers who 
are legally "intoxicated'' never appear in driving-while*intoxicated 
statistics . 
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safety problem is at least as gro?t as indicated in current statistical 
estimates, i£ not greater,^ 

The only information on alcohol -related driving errors generally 
available from Level I sources is alcohol -related conviction data. 
These types of convictions include '^Driving While Intoxicated** (DWI), 
**Driving Under the Influence" (DUI) , and various other designations. 
During the adjudication process, alcohol-related charges are often 
reduced to Reckless Driving, As a results. Reckless Driving convictions 
(with local variations) may also be indicative of alcohol -related 
driving errors. 

Although alcohol is a major highway safety problem, alcohol -related 
convictions are extremely rare events. One California study (Peck 
et al,, 1971) grouped all serious non-spurious traffic violations, 
including alcohol offenses, reckless driving, etc, into one category 
labelled *'Major Violations" (to offset the above effects of reduction 
of charges), and found that this category comprised only 2,4% of the 
convictions for males, and less than 1% of the convictions for females. 
Thus, prediction of such a rare criterion will necessarily be limited. 



Risk-Taking Behavior Errors 

In most jurisdictions, the most frequently cited violation type is 
the speeding violation, which is representative of what we have termed 
^'risk-taking*' errors. The relation of speed to accident severity has 
been widely documented. The National Safety Coimcil (1974) statistics 
implicated speeding errors in 25,2% of all fatal accidents, 17,5% of all 
injury accidents, and 13,4% of the total United States traffic accident 
problem. Thus, speeding errors were the largest identifiable problem 
(other than alcohol) in fatal accidents, although not for injury or 
total accidents. 

Speeding citations, however, are seldom employed singly as a 
predictor of future driving behavior. Among the few studies which have 
been conducted Ce,g,, Peck et al,, 1971), speeding convictions are 
generally foxand to be useful predictors in regression models, although 
strongly correlated with (and thus overlapping in predictive utility 
with) total convictions. 



We note that the latest edition of National Safety Council's Accident 
Facts (1974) no longer lists alcohol-related accident statistics, 
mentioning Only that **it is believed that such repoiTfcs understate the 
frequency'* of the problem. 
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Recognition Errors 



The final cluster of violations is comprised of problems relating 
to recognition. These include turning violations, some sign violation 
and some passing violations. (Sign and passing violations, in some 
cases, are also related to risk-taking behaviors.) Although violation 
of this kind can have nmerous causes, including perceptual, physical, 
or driving experience factors, the use of Level I (Primary Sources) 
information limits description to a general discussion of recognition 
problems. 

The involvement of "recognition" type human errors in the traffic 
safety problem has been shown to be extensive. The National Safety 
Council (1974) groups driving errors of this type into "right of way" 
errors, including "Yield," "Sign,** and '^Signal" errors. Grouped in 
this manner, they find the "Right-of-Way" errors are implicated in 
13.8% of fatal accidents, 21.1% of injury accidents, and 20.2% of all 
accidents. California data reported by Harrington and McBride (1970) 
indicate that 54% of all accident -related citations are issued for 
"Sign," "Turning," "Passing," and "Right -of -Way" violations. Thus, 
it is clear that recognition-related driving errors are a major 
contributor to the traffic safety problem. 

At this point, however, the causes of the recognition errors 
themselves remain unclear. Within the Biographical section of this 
chapter, some interesting subdivisions of the recognition error prob- 
lem, particularly by age and sex, will be discussed. Subsequent 
chapters will examine the physical, psychological, and situational 
aspects of the problem. 

Operational Constraints of Accident and Conviction Data 

The most significant constraint in. the^_use..o£ accident and con- 
viction data is systematic bias withiii. the data collection process. 
An excellent review of the data collection problems which often cloud 
the utility of these data as highway safety criteria is presented by 
Zylman (1972). The following points summarise 2ylman*s conclusions; 

1. Standards of measurement vary from one jurisdiction to the 
next. Not only do areas from which statistics are reported 
vary widely by demographic characteristics, but also 
"diverse practices, policies, interpretations, terminologies, 
and standards of training and discipline within reporting 
agencies" make comparisons across jurisdictions "totally 
invalid. *' 

2. "Accidents" and variations in reporting are widespread. "It 
would seem that everyone knows what a traffic accident is. 
However, the c^uestions as to whether such an event should be 
reported to a police department, whether a policeman will 
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appear at the scene to write a report, whether a police agency 
will report it to the 0MV, whether such a report should be 
limited to fatal and injury crashes or include collisions 
resulting in a specified amount of damage, or whether all 
collisions should be reported — these questions have almost 
as many answers as there are police agencies.**^ 

As Zylman points out, this is not only an interstate problem, but intra- 
state as well, varying with local jurisdictions. 

3. In some jurisdications> a minor complaint of pain is considered 
an injury. In others> the victim must be taken to a hospital. 
In still others> the victim mast be admitted to the hospital. 

4. Traffic law enforcement varies widely by local jurisdiction, 
allowing drivers in low enforcement jurisdictions greater 
opportunity to avoid becoming a bad or negligent operator. 
(Enforcement varies not only by number of citations, but also 
by popularity of certain types of citations.) 

5. Arrests for DWI also fluctuate by local jurisdictions. In 
some areas, police cannot cite a driver for DWI unless the 
officer witnessed the offense. In other places, police, 
judges> or prosecutors routinely reduce DWI*s to lesser 
charges to avoid court backlogs, or penalties they feel are 
excessive. 

6. Data do not exist to conqpare judicial activity across juris- 
dictions. 



This list represents many of the biases which can affect assessment 
using accidents and convictions as predictors. Zylman concluded that, 
even if the above data problems could be solved, driving record vari" 
ables would still be of little value without accurate exposure infor- 
mation.^ Another significant limitation to the use of accident or con- 
viction variables as predictors is the relatively short periods for 
which such records are kept in lic^se files. Ferreira (1970) suggests 
that *'the number of years of observation needed to characterize a 
driver*s accident history is at least as long as the over-all average 



Selzer and Vinokur (1974), attempting to use previous accident data 
as the basis for further prediction, also encountered the accident 
reporting problem. One of their samples reported a mean accident fre^ 
quency of .47 accidents per driver, while an audit of their records 
revealed only .18 accidents per driver. 

Q 

Klein (1966) discusses in detail the problems of exposure and differ- 
ential reporting as they affect the young driver. 
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time-period between accldents~-roughly 10 years ♦'^ Many jurisdictions 
periodically ^^)ur^^e*^ records at considerably shorter intervals, limiting 
predictive capability. 

Discussion of Traffic Accident and Conviction Data 

The broadest goal of highway research has been to reduce accidents. 
Thus the frequency of occurrence of accidents has been a logical cri- 
terion to evaluate both highway problems and solutions. The use o£ 
driving record variables as criteria is subject to statistical difficul- 
ties since the events whidi they measure are extremely rare, necessi- 
tating very large sample sizes to draw meaningful conclusions. The ^ 
statistical aspect of this problem can be partially remedied by using 
convictions, which are more numerous. However, the relationship be- 
tween convictions and accidents is, at best, unclear. Correlations 
between convictions and accidents are lo\i;, approximately .05 - .11 for 
one year samples. (Of course, even a high correlation would not imply 
causality. Thus> a program which reduced convictions might- have no 
effect on accidents). These low correlations, plus many deficiencies 
in reporting of conviction data, argue against their use for strong 
punitive actions such as license withdrawal. In addition, such statis- 
tical problems force many program evaluations to be conducted with in- 
termediate criteria such as knowledge tests, rather than with actual 
subsequent driving performance. A second disadvantage involves the 
previously mentioned data-collection problems, which can invalidate 
many of the conclusions drawn from both accidents and convictions, al- 
though the more severe accidents are fairly immune to this problem 
(since most all are reported)* Also, gross accident or citation mea- 
sures are not sufficiently descriptive of types of driver errors. More 
specific criteria such as detailed accident reports discussed in Chapter 
2 would be useful for appropriate countermeasure assignment. 

The multidisciplinary accident investigations which are being con- 
ducted throughout the United States may provide sufficient detail to 
determine the severity and causal factors (human, vehicular, environ- 
mental) of accident involvement. The results of these investigations 
have potential for identifying variables for future dia^ostic assess- 
ment. At the present driver record level of observation, the only 
available criterion, type of citation, appears to lack sufficient be- 
havioral description, and is subject to numerous systematic reporting 
biases. Finally, employing accident frequency as a sole criterion does 
little to reflect the societal costs of accidents. Numerous studies 
(e.g.. Institute for Research in Public Safety, 1973) have shown that 
various classes of drivers tend to have substantially different types 
of accidents, which in turn reflect substantially different societal 
impact. Younger drivers may have more high speed accidents, while older 
drivers may have more sign -recognition related accidents* Thus pre- 
dictive methods of the type which equate a minor recognition error 
^^fender bender" with a multi- fatality high speed crash, are necessarily 
limited as means of societal cost reduction. There is therefore a need. 
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as a supplement to numerical counting of accidents, to obtain data 
\ising an accident-severity index, based on accident costs (e.g., 
Wilbur Smith and Associates, 1966). 

For diagnostic purposes driver^ record variables may have more 
utility. Driving records are currently employed as accident liability 
predictors in every state, most using a simple point or entry system. 
Both accident and conviction frequencies have been demonstrated to be 
significant but of low utility when used alone. Prediction can be 
significantly increased by the addition of other variables, as will be 
seen later. J. H. Reese (1971) has summarized the disadvantages of 
current point systems: 

**Point systems are often assumed to be a more effective 
means of identification of errant driver behavior that jus- 
tifies license withdrawal. However, research has shown that 
there is a poor correlation between the traffic violations 
on which point systems are based and future accident involve- 
ment. Thus, point systems may predict poorly or not at all. 
However, they have a salutary legal effect in the sense that they 
quantify the decision criteria and contribute to procedural due 
process and equal protection for licensees. The critical element 
in a respectable point system is the assignment of point weights 
on the basis of the statistical relationship to accident records 
rather than on the basis of personal opinion as to the serious- 
ness of various offenses. It is this relative weighting of of- 
fenses that establishes the predictive validity of any point 
system. Even so, several authorities have suggested that re- 
spectable point systems and other license withdrawal criteria 
should be used for diagnostic purposes only to identify drivers 
in need of further training or rehabilitation. Because they are 
such poor predictors, current criteria should not be used to 
withdraw licenses . *' 

An additional disadvantage of all driving history variables is 
that they cannot be used for new license applicants. Thus performance 
measurements and standards with predictive capability should be es- 
tablished for those drivers entering the system. These will be dis- 
cussed in the following pages. 

DRIVER LICENSING KNOWLEDGE AND PERFORMANCE TESTING 

Driver licensing files often contain some record of an individual 
performance during his initial licensing examinations. Such examina- 
tions usually contain both written, oral, or automated knowledge testi 
and range or on-road driving ability testing. These variables are of 
particular importance for diagnostic prediction of the future accident 
liability of the newly licensed driver, since no information about his 
past driving performance is available. In fact, many motor vehicle 
administrators (see Jackson, 1971) believe that major improvements in 
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highway safety. will be possible only by improved driver licensing. 
Unfortunately, driver record files seldom contain the item or even 
total scores on these examinations. The common practice is to infer 
the outcomes from other variables, such as pass/fail of overall license 
examination . 

This section will review the diagnostic utility of each of these 
types of licensing examinations, and, where applic^le, the individual 
test scores, since these are available to the licensing agency during 
licensing examination, and could be saved in the driver's records if 
their utilization is warranted. 



Knowledge Testing 

Some form of driver knowledge testing, either oral, written, or 
mechanized, is included in the licensing process within all American 
licensing and control agencies. The justification for including most 
of these tests in driver licensing rests solely on face validity i.e., 
the items appear to be relevant to the driving task. Most controlled 
research evaluations of these tests have failed to demonstrate any more 
substantial forms of validity. 

An evaluation of the Washington State driver licensing examinations 
was conducted by Wallace and Crancer (1969). By relating the written 
licensing scores o£ a sample of license applicants who passed the test 
with their subsequent driving records, the authors found that correla- 
tions ;vere not only non-significant, but also in the wrcmg direction 
(low scores indicating better driving record.) The authors conclude 
that ''the observed correlations are slight, of no practical signifi* 
canoe, and do not justify the use of the testing procedures as the basis 
for a practical decision.'' A subsequent individual-item analysis of a 
40 item test proved equally disappointing. Very few of the items could 
significantly distinguish between high-citation and citation-free dri- 
vers at license renewal. The authors again conclude that "the results 
of the two studies indicat;e that the ability of the present written 
licensing examination to achieve its stated purpose is questionable." 
Such conclusions, based on this data, are also questionable. In the 
first evaluation, no drivers who failed the written examination were 
included in the sample (since they were not granted a license at that 
time).^ If those who failed the test had been licensed anyway, their 
resultant driving errors may have increased the test score - driving error 
correlations to higher levels of significance. The second evaluation, 
comparing "good" vs. "problem" drivers, all of whom were already licensed, 
has little apparent relationship to initial driver licensing. The 



Such inclusion is essential to a proper evaluation of license examina- 
tions. Since no state appears likely to risk the inherent dangers of 
such" a project, effective evaluation of licensing examination appears 
unlikely to ever be conducted. 
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problems of experienced "problem*' drivers may be unrelated to the prob- 
lems of beginning drivers, who have relatively little driving experience. 
The Washington State data do, however, suggest that while little is 
known about the utility of written license examinations for initial 
license screening, the tests appear to be of little value in diagnosis 
of drivers who are already licensed'. 

Other evaluations of licensing knowledge tests suffer from essen- 
tially the same limitations. Freeberg and Creech (1971) have conducted 
an extensive analysis of North Carolina's driver licensing written exam- 
ination. A factor analysis of initial licensing exams yielded only one 
dominant factor^ reflecting many subject areas, which th^ authors labelled 
"general knowledge.*' The authors conclude that any test of verbal pro- 
ficiency might perform equally well in ranking driver applicants. This 
conclusion, although certainly possible, cannot be verified by the avail- 
able data. Althougji validity studies were not conducted on the initial 
licensing exams, renewal exams were studied in greater detail. The 
authors report that despite psychometric limitations of the test they 
studied, there is evidence that license renewal exam scores may be use- 
ful predictors if used in conjunction with other types of variables such 
as vision, prior driving record and background information. 

Recently, various mechanical alternatives to the traditional paper 
and pencil or oral examinations have been implemented. For example, 
closed circuit television has been introduced to improve driver licensing 
examinations by the Iowa Department of Public Safety (AANIVA, 1971). 
Various driving situations are presented to the examinee on an individual 
television console- From several alternatives the driver must then 
select the response appropriate for the situation. Potential advantages 
of the system include faster and less expensive examination processing 
enabling more frequent driver re-examinations, and possibly teaching 
drivers as well as testing them. Similar systems are currently being 
employed in a nurriber of jurisdictions C©*g*j Virginia, District of 
Columbia). At present, however, few have been evaluated to any greater 
extent than have written examinations. 

An evaluation of one such mechanized system was conducted by the 
State of Washington (1971). Both group and individualized testing 
machines were employed, although only one evaluation was conducted be- 
cause content materials for the two systems were similar. The indi- 
vidualized system did prove to have far fewer operational difficulties. 
Subjects, selected from renewal applicants, were volunteers (although 
none refused to volunteer). They were then classified as "good** and 
*'poor'* drivers by their past driving records. The evaluation was con- 
ducted on a relatively small sample, since much data was lost due to 
hardware failure. Using regression analysis on the remaining sample, 
21 of the 25 items were found to be significantly related to driving 
record class. However, 11 of these 21 results were in an unexpected 
direction - correct response predicting poor driving record. The authors 
conclude that of these 11 items, the better drivers tended to select an 
overcautious response to some, and demonstrated a lack of knowledge of 
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correct freeway procedures on others- Although many operational ad- 
vantages of the examination hardware are cited, the authors do not 
speculate about the potential utility of the renewal test. 

Discussion of Driver Knowledge Testing 

The only major operational constraint for using knowledge testing 
scores is that, while these scores are iiranediately available at driver 
licensing and control agencies at least during the initial driver licens- 
ing process, the scores themselves are seldom retained in the driver's 
file. As a result, such scores are commonly unavailable for predictive 
purposes . 

There are numerous other limitations. Few, if any, licensing know- 
ledge tests have demonstrated the minimum psychometric properties which 
are required'of tests in other applications and settings. Seldom have 
licensing agenci^Js bothered to conduct any sort of reliability evaluation. 
Validity is also generally limited to face validity. Of the few evalua- 
tions that have been made, hone have shown acceptable levels of either 
reliability or validity. Thus, the tests have no predictive utility, 
except possibly for initial screening Ovhere validity cannot be fully 
evaluated). Additional factors may also reduce utility. The tests ap- 
parently measure primarily verbal ability (that is, measure how well the 
applicant reads the licensing manual, not how much he knows or uses traf- 
fic safety rulen) . Also, the opportunity to re-take the test after 
failing minimizes the Jiumber of license denials, reducing even screening 
capability. The examinations then merely force applicants to study the 
rules of the road. Whether this has any effect on subsequent performance 
has not been demonstrated. At present, however, no claims can be made 
for diagnostic capability. 

In a current NHTSA- sponsored project, the utility of tailoring know- 
ledge manuals to sub-populations is now under evaluation. The results 
of this study should provide further insight into knowledge testing. 

Driving Ability Testing 

On-road'^performance measurement began as part of the driver licensing 
process, in which drivers are rated by human observers. While various 
refinements and modifications have been made in procedures, test lengths, 
etc. over the years, the use of examiners to rate drivers has remained 
relatively unchanged. 

For diagnosis of an individual driver's performance, the state-of- 
the-art of this performance measurement appears to be in a relatively 
early developmental stage. Many tests, e.g., Neyhart (19^^)* claim diag- 
nostic capability hut do not have an empirically established relation- 
ship with nny useful driving performance criterion (which is similar to 
the problem found in knowledge testing). To reduce this problem. 
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innovative procedures, including complex instrumented vehicles, sophis- 
ticated rating systems, and multi-variate approaches to describing and 
measuring driver behavior, have been developed. Since these methods 
are not currently operational, they will be described in Oiapter 3, 
Data that are available on performance testing in a licensing setting 
will be discussed in this section. 

On-Road License Testing Evaluation 

In the driver licensing area, some attempts have been made to re-- 
late scores obtained on on-road tests to subsequent actual driving be- 
havior. Findings indicate that performance of individuals oi\ basic skill 
maneuvers has some relationship to accident and violation experiences. 
Campbell (1958) used subsequent driving records of a group of 1000 dri- 
vers involved in fatal accidents and of 1000 drivers randomly selected 
from the North Carolina files. The road test used for screening ap- 
plicants for driving licenses was composed primarily of basic skill 
maneuvers: starting, stopping, turning, backing, 3-point turning, 
slowing, braking, quick and hard stopping, and starting and stopping on 
grade. Applicants were also rated on posture, clutch, attention, dis- 
traction, keeping in lane, following, overtaking, being overtaken, right- 
of-way, and use of horn. The comparison groups (fatality and random) 
could be differentiated on the basis of several of the road test items 
as well as total score. (The groups also differed by age and sex). 

McRae (1968), using a sample of 1,319 licensed North Carolina dri- 
vers and state license road test results, was also able to differentiate 
accident and violation groups from non-accident groups. Certain classes 
of driving skill (i»e,, physical handling of the automobile and inter- 
action with traffic), differentiated between groups. However, cross- 
validation findings did not substantiate the predictive power of the 
total test scores . 

Harrington (1971) correlated drive test scores for young drivers 
obtained on original licensing test with follcw-up accident convictions. 
The relationships were non-significant for accidents and significant, 
but very low, for predicting convictions, (r = -.03). The results, how- 
ever, only include drivers who eventually passed the test> which may 
underestimate the predictive validity of the drive test score. (Drivers 
may make several attempts before passing)* 

In another study, Harrington (1973) studied the discriminative 
power of the standard DMV road test for previously licensed out-of-state 
drivers applying for a license in California. Over fifteen-thousand ap- 
plicants took the test as usual while twenty-three thousand had the test 
waived. After a six month follpw-up of accident and violation reports, 
there was no significant difference between groups on number of accidents, 
fatal and injury accidents, or convictions. 

It does not appear that current DMV behind-the-wheel testing has been 
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adequately refined to warrant a firm conclusion. However, the evi- 
dence indicates that no useful relationship exists between the DMV road 
test and accident experience, among applicants who pass. Evaluation is 
again not currently possible for those who fail.^'' Tntrarater and inter- 
rater reliability might also be problems of on-road testing. 

Driver Range Performance Evaluation 

Since many of the observer performance rating assessment tech- 
niques previously discussed have been employed on driver ranges as well 
as in on-road settings, it may be worthwhile to consider some of the 
differences between these settings. 

Since predictive utility of licensing performance examinations Has 
historically been low, a number of licensing agencies have attemptod to 
improve prediction by using driver ranges to further standardize their 
performance testing. Hcwever, there is little if any hard evidence 
that range conditions significantly improve prediction of subsequent 
driving record criteria. 

There are very early references in the driver performance litera- 
ture to the use o£ driver ranges for testing in a driver licensing con- 
text. (See Lauer, 1936). Numerous advantages have been cited for this 
use of driver ranges: 

improves reliability by standardizing driving situations 
encountered. 

insures a variety of driving situations encountered. 

complex visual situations will identify recognition 
problems . 



10 

Previous failures on either knowledge or performance license test- 
ing do not seem to be relevant to subsequent driving performance of 
those drivers who eventually pass. McGuire (1969, 1972) studied Air 
Force enlisted men, ages 17-20, and found no significant difference 
in the driving histories of those men who had previously failed one 
of these tests, and those who had passed on their first attempt. It 
should be noted, however, that he did not obtain data from a licensing 
agency, but rather from questionnaires administered to the subjects 
themselves, lie also did not attempt to assess failures on knowledge 
and performance testing separately. 

11 

Brazall (1961) and Bishop (1965) both reported no differences in train- 
ing effectiveness between on-road and range training conditions- We 
- know of no studies, at present, in whidi these have been compared as 
testing conditions. 
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elapsed time for completion of total course (compared 
to the mean) will identify both overcautious and 
impatient drivers. 

— for poor drivers > range is less hazardous. 

Range tests are also being developed for use as intermediate cri- 
teria in driver training programs. The Ohio Department of Education > 
(1974) in evaluating driver education curricula, reported that certain 
maneuvers on a range test could demonstrate a clear distinction be- 
tween novice and experienced drivers > as well as differentiate between 
different slcill levels of novice drivers. 

Whittenburg et al. (1973) > developed an objectively scored ob- 
server checklist, measuring quality and speed of various driving maneu- 
vers> to serve as a driver range test. They reported that significant 
differences existed between test scores of accident and accident-free 
groups of drivers, "but in an unexpected direction — higher scores were 
associated with accident involvement." Since the subjects were all 
young males (Ctoast Guard recruits) > and all were relatively expe- 
rienced> higher scores may have simply reflected higher driving ex- 
posure Cwhich increases accident risk) > or more frequent risk-taking 
(if for this age groirp better drivers take more frequent risks). 
Findings such as these demonstrate the need to evaluate the usefulness 
of assessment techniques for specific sub-populations. 

The advantages of a driver range test were cited by Riley and 
McBride (1974). They employed a basic skills range test and an eva- 
sive range test to evaluate driver training curricula. Both tests used 
the instructor/observer rating method, and after lengthy instructor 
training, the reliabilities were reported moderately high. However, 
no attempts at predictive validity have yet been made. These authors 
cite as the two main advantages of range training and testing: 

1. Econoiny" -less instructors/raters needed per student/ 
examinee* 

2. Control of traffic pattems- -highway problems can be 
pre-selected. They also point out that hazardous maneu- 
vers such, as evasive action niust be conducted on a 
driving range for safety reasons. 

IVhittenburg et al. (1972) > have summarized both the advantages and 
limitations of range training and testing: 

''The driving range provides an opportunity to maintain con- 
trolled conditions for observing driving maneuvers. However, cer- 
tain compromises/trade-offs must be accepted: 

• The dynamic, ever changing conditions of real-world 
driving are minindzed; 
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• only a limited number of real-world conditions can be 
simulated on the range; 

• actual driving inust be a simulation of the real world 
in terms of speed and distances covered; that is, the 
range imposes a pressed time and space format; and 

• because of slow speeds and external constraints (in 
the form of an instructor or evaluator) imposec^ on the 
driver, the threat of serious accident or injuiy is 
greatly reducetl. Also, the driver is probably moti-- 
vated to **do his best'* since other drivers and in- 
structors are watching and commenting on his 
performance J* 

In summary, it would appear that for maximum accident liability 
prediction the advantages of driving range performance testing are 
probably counteidjalanced by the disadvantages. Administrative con- 
siderations such as reduced hazards appear to be their greatest proven 
asset. 



Driving Simulator Performance Evaluation 

Although there have been attempts to utilize driving simulators as 
a driver licensing criteria, the use of such devices is usually limited 
to training and research purposes. As a result, we shall postpone a dis- 
cussion of driving simulator performance until Chapter 3, which includes 
many assessment techniques whose current state of development is primarily 
appropriate for research. 



Summary - Licensing Knowledge and Performance Testing 

All forms of knowledge and performance licensing examinations for 
initial license applicants lack sufficient validity to be of predictive 
utility in an operational setting. Several studies have shown small, 
but significant differences among driving records between groups of dri- 
vers with low and high mean scores on performance testing (Campbell, 
1958; McRae, 1968)* Other studies have been less conclusive (Waller and 
Goo, 1968; Harrington, 1973)* Some representative research results are 
presented in Table 1-9. Generally, minimum standards for psychometric 
properties, essential to other applications of testing, have not been 
inet * Thus these examinations presently cannot demonstrate any capa- 
bility to differentiate among those applicants who pass (either initial > 
licensing or renewal) * 

The use of these tests as a screening procedure to eliminate the 
poorest of applicants may be justifiable on face validity alone, despite 
the fact that this function of licensing performance testing may never 
be fully evaluated. However, predictive uses of the tests among passing 
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T^bie 1-9. Selected Studies Using Ucensing Tests as an 
Assessment Variable 
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applicants cannot be justified, since little or no predictive validity 
has been demonstrated. They apparently measure ability to perform "as 
expected'* in a testing situation > but do not account for exposure > mo- 
tivation> or situational factors. It is possible > however, that further 
refinement could eventually provide diagnostic capability among initial 
license applicants > which would be extremely useful since these drivers 
usually have little if any previous driving history upon which to base 
diagnosis. Thus> among those who meet minimum standards for licensing, 
performance testing is perhaps the best opportunity to isolate potential 
^Tiigh-risk'^ groups at that time. Additionally, since none of these have 
demonstrated high validity > there is currently no valid means to assess 
target populations on performance criteria. TTius> many questions remain 
to be answered. Do performance measures mean anything for experienced 
driveis? Are they useful only for the inexperienced drivers or the 
physically impaired drivers? Can they supply, for the new licensee, the 
predictive utility that accidents and violations provide for the ex- 
perienced driver? Are they more useful for certain biographical groins? 
Occupational classes? These questions cannot be resolved imtil perfor- 
mance measures can be more fully validated. 

DRIVER IMPROVEMENT AND DRIVER SANCTIONS 

Previous contacts with a driver improvement program (e.g. > warning 
letter, group meeting, or hearing) > or previous sanction levied against 
the driver, can conceivably be employed as Level I assessment variables. 
Driver improvement and sanction variables are obviously related to pre- 
vious accidents and caivictions* If these programs are effective deter- 
rents to future driving errors > however, they may provide predictive 
capability above that of simply past driving problems. To the extent 
that coimtermeasure program evaluations have been conducted, and prob- 
abilities for^ subsequent success can be accurately determined, assign- 
ment to a driver improveineiit program can be used as an assessment 
variable to predict changes in future performance (see Schuster, 1971). 

It should be recognised that driver improvement variables may also 
be crude measures of Previous assessment, since differential criteria 
may have been used in assigning drivers to a program. Regardless of the 
source of variance, these variables may be useful in projecting base 
expectancy rates. The question of concern is therefore, ^'Does atten- 
dance at a program or administration of some form of counter measure or 
sanction predict future success?*' More specifically, ''Does a record of 
attendance at a court school, a driver improvement meeting, hearing, 
etc. result in valid criteria for classifying his subsequent accident 
potential?** Since a number of program evaluations are currently being 
(or have been) evaluated, such questions can partially be answered. 

Other variables associated with driver improvement may also be 
indicators of drivin^^ liability, perhaps reflecting an individual's 
attitude or social deviance. Failure to appear for a hearing or fail- 
ure to pay fines probably measure to some extent these psycho-social 
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dimensions * 

For exajiiple> Harano (1974) found prior failure to appear and 
failure to pay fines to be significant predictors of subsequent con- 
victions ajnong negligent drivers, in combination with other variables 
in a multiple regression equation- 

One example of the differential utility of driver improvement 
assignment is the Didenko et al- (1972) study> in which drivers con- 
victed of alcohol-related offenses were randomly assigned to different 
treatment modalities* Their subsequent driving records were found to 
vary from one treatment to the next> although relatively few of the 
differences were significant, as shown in Figure 1-2. 

Harano and Peck (1971) evaluated the effectiveness of court traf- 
fic school (Uniform Driver IiT5)rovement School) and found significant 
interactions of prior driving record and treatment combinations* They 
report that; 

'^The marginal results of the Treatment x Prior Driver 
Record interaction suggested that treatment effects were 
influenced by the subject's prior driving record* The form 
of this interaction can be seen by comparing the post accident 
means for the High violator/Accident-free subjects and the 
High violator/Accident -involved subjects across* treatments* 
Both traffic schools had directionally lower accident means 
than the Control for the High violator/Accident-free subjects. 
For the High violator/Accident-involved subjects, however, the 
Control had lower accident means. The t-tests indicated that 
the majority of these differences were statistically signifi- 
cant at the p < . 10 level. These results suggest that the 
negative effects found for UDIS subjects with prior accidents 
also occurred for Regular School subjects with prior accidents.'* 

(Harano and Peck, 1971) 

This study illustrates the need to examine combinations of prior 
driving records and subsequent treatment programs, as well as siiT5)ly 
eiT5)loying '^treatment" as a predictor variable. 

Recent state-of-the-art reviews by Goldstein (1974) and Peck et 
al- (1975) indicate that a number of controlled evaluations of driver 
improvement programs have generally demonstrated low utility for re- 
ducing collisions but somewhat greater utility for reducing convictions 
These results could be explained several ways. Convictions may be more 
sensitive measures of program effectiveness since they occur more fre- 
quently than accidents* Alternatively, the elements of the progi'ams 
may relate to violation-producing behaviors, but not to accident 
behaviors* 

The Peck et al* (1975) review reports relatively few studies of 
warning letters or group meetings demonstrating significant treatment 
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effectiveness > while a substantial percentage of individual hearing 
evaluations produced a statistically significant reduction in accidents > 
and more so for convictions. Beside demonstrating an overall increasing 
effectiveness with more extensive treatments, some utility of the type 
of driver improvement as a predictor variable is also suggested. For 
an individual > a history of several* driver improvement efforts may fur- 
ther increase prediction. 

Judicial sanctions have also been shown to be related to future 
driving performance. Finkelstein and McGuire (1971) employed several 
driver sanction and driver Improvement variables to predict accidents. 
Among these variables, the amount of fine was the highest predictor of 
accident involvement followed by jail> traffic school attendance, sus- 
pension and revocation, classification as a negligent operator, atten- 
dance at a hearing, and a license restriction. Fines greater than 
$40.00 resulted in a degradation in performance while fines below $40.00 
showed improvement. Poor performance was also related to the combina- 
tion of prior fine and attendance at a traffic schoor. Finkelstein and 
McGuire speculate this combination of treatment creates resentment* 
Findings such as these demonstrate the need to examine the apparently 
complex interactions between sanctions, driver improvement programs, and 
driver characteristics. 

Another study of driver sanctions (Buikhuisen et al. 1972) was con- 
ducted in the Netherlands, examining that country's steady increase in 
the number of drivers convicted for DWI $ince 1955, and the corresponding 
increase in the severity of sentences for such violations. In 1960, 47% 
of DWI cases were sentenced to prison; in 1968, the percentage was 70%. 
The study was designed to determine the influence of varying sentences 
on DWI recidivism. 

An analysis of criminal records of subjects who had been convicted 
of DWI was conducted for all male subjects who had been convicted of this 
offense between 1960 and 1964 (N = 1674). The criminal records of these 
subjects were examined jfbr information about age, profession, social 
status, number and kind of offenses committed before and after the DWI 
conviction which caused them to be included in the sample. As validity 
measures, certain background factors had a multiple correlation of .51 
with" severity of sentencing for DWI, although only .37 with recidivism 
(explaining only 13% of variance). Severity of sentence correlated 
-.16 with recidivism, which is described as "neglectable," and when back- 
ground factors were partialled out, the correlation dropped to -.03. As 
a result, severity of sentence appeared to be of little importance. 

Surranary of Driver Improvement and Driver Sanctions 

Several of the studies reviewed show that driver improvement vari- 
ables and sanctions predict future driver behavior to a limited extent. 
They of course reflect the driver^s prior convictions and accidents. How- 
ever, as several of the studies have shown, they do often add explained 
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variance beyond simply past convictions and accidents, whicii could be 
measures of effectiveness of the program or sanction. 

Although evaluations of driver improvement programs have produced 
inconsistent results^ there is some evidence that effectiveness in- 
creases with more extensive treatments. Rigorous evaluations will be 
required to assess the utility of each specific driver improvement (or 
sanction] action as a predictor in a given setting. There are so many 
intervening variables that complex multi-variable analyses will be 
necessary. As such evaluations become commonplace, and as driver im- 
provement efforts (and diagnostic programs] become more effective, the 
predictive value of such variables should increase proportionately. 
At present, their value is low, except in settings where evaluations 
have been conducted- Even in those cases, however, there is the ad- 
ditional problem of recency of driver improvement or sanction, which 
must also be evaluated- It would appear unlikely that any of these 
variables would have hiph effective *'life-span" as a predictor. 

Judicial sanctions have also been shown to be related to subse- 
quent driving behavior. It has often been noted that severe penal- 
ties are not generally effective in reducing recidivism. Tliis con- 
clusion becomes circular when it is rcco^lzed that the more deviant 
drivers, who receive the higher fines, also have a higher base ex- 
pectancy for future problems. Controlled research (by varying fines] 
is needed to fully determine the *'pure" effect of deterrence. 

In addition to reflecting severity of driving errors, fines might 
also reflect, in part, an underlying risk dimension. Approximately 
60% of citations are for speed. In turn, the amount of fine is gen- 
erally correlated with deviations from the legal speed limits Thus, 
it may also be useful in future research to isolate the effects of 
fines for each violation type. 
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HUMAN CONDITIONS AND STATES 



* BIOGRAPHICAL DATA^ 

Highway safety researchers have often atteiqsted to predict accident 
liability classes by searching for correlations between various bio- 
graphical (identification) variables > and driver performance* Such 
attempts are usually motivated by longstanding and often unsubstantiated 
notions concerning ''types*' of drivers who are subject to "accident prone- 
ness.'* Further encouragement has been provided by the availability of 
large institutional data files to test such hypotheses, as well as the 
fact that such biographical performance predictors would be extremely 
valuable in both driver licensing and insurance applications* 



Age 

The biographical factor most frequently associated with highway 
accident liability is age of the driver* Many research studies have shown 
that violations and accidents are disproportionately distributed among 
the various age groups within the driver population* In addition, these 
age groups can be further differentiated by the types of driving problems 
which are more likely to occur* 

There are> however, two major sources of bias which can limit the 
interpretation of any type of biograpl xl data, particularly age- 
related data* (See Klein, 1966) 

^ Exposure 

Both convictions and accidents are directly related to quantity and 
quality of miles driven* Hence, failure to accurately control for 
mileage could cause a relatively high ability group of drivers, who also 
drive a large amount or under hazardous conditions, to appear as "poor'* 
drivers* Similarly, a relatively "poor" group of drivers could appear 
to have no problems* 

• Reporting Bias 

Both convictions and accidents can be differentially reported in 
many ways* A police officer may issue citations more frequently to the 
very young or very old driver, for offenses for which the middle-age 
drivers might receive no citation or a lesser charge* Similarly, a 
judge may convict certain age classes less frequently, or of reduced 
charges* Drivers of certain age groups may be more able to resolve 
citations without a notation in the driver record* For accident data, 
it is clear that many incidents never come to the attention of the 
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appropriate authorities* These unreported accidents may be spread un- 
evenly across the age distribution, since it is possible that certain 
age groups Diay be better able to settle minor accident claims without 
involving any enforcement personnel. If enforcement personnel do 
become involved, they might also be more likely to issue citations or 
assign culpability tp certain age classes of drivers. Even "unbiased" 
research investigators can be subject to potential data reporting biases. 
As a result, the most applicable estimates of driving evTors by age 
class can be found in fatal accident data, since very few if any of these 
accidents are unreported. However, even in descriptions of fatal acci- 
dents > assignment of crash "culpability'* is still subject to reporting 
bias. In addition, there is little basis to assume that even an accu- 
rate description of the fatal accident problem will generalize to less 
severe accidents. 



General Driving Errors By Age 

Numerous studies have demonstrated that violation and accident rates 
per driver are disproportionately high for the youngest age group of driv- 
ers. (Harrington and McBride, 1970; Peck et al. , 1971; Bailey et al., 
1969; Burg, 1970; 0»Neall, 1967) The 1966 review of traffic safety liter- 
ature, by A. D. Little, discusses New York, California, and National Safe- 
ty Council statistics which demonstrate high accident liability for the 
younger driver age groups, although correction for total mileage suggests 
that the per-mile accident rate of older (age 55 and up) drivers may be 
even higher than that of young drivers. 

More recent studies have produced similar results* Harrington and 
McBride (1970) showed that as age increases, violations and accidents 
decline rapidly, the curve leveling at about age 25-30, as shown in 
Figure 1-3, for violations. Although this simple graph of accidents 
or violations plotted vs. age does not indicate any significant problems 
among older drivers, when average mileage per age group is controlled 
(calculating accidents or violations per mile) the curve again rises at 
about age 55. (See Figure 1-4) These *'per-mile'* figures indicate that 
older drivers have increased driving problems, which are not reflected 
in gross accident or conviction statistics > since this group drives 
relatively few miles •^^^ 

The magnitude of the problem appears similar with fatal accidents > 
except that fatalities do not reach their highest levels until about age 
20. (See Schuman et al, 1967) The California Highway Patrol (1973) 
report shows that the 20-24 age group has the highest automobile-related 
fatality rate of any age group — 54 deaths per 100,000 population. 



Habitual accident repeaters have also been shown to be younger than 
randomly selected controls < (Goodson, 1972) 

12 a 

This U-shaped function has been confirmed by Cerrelli (1972), for 
total accidents by age. 
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Under 26-30 36-40 ^6-50 56-60 66-70 



Source: Harrington and McBride (1970) 



FIGURE 1-3, VIOLATIONS PER 1000 DRIVERS PER YEAR BY TYPE AND AGE 
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FIGURE 1-4. VIOLATIONS PER 100,000,000 MILES BY TYPE PJ<D AGE 
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The second highest fatality rate - 46 deaths per 100>000 population - 
was found for the 75 and over age group. The average for the total 
population was only 25 fatalities per 100>000 population. The A. D. 
Little review (1966) suggests that the high fatality and injury rate 
among elderly drivers may be in part a result of their lesser physical 
ability to survive an automobile accident. This finding has been more 
recently discussed by Baker (1970) who reports *'the possibility that 
most of the fatally injured drivers age 60 or over died following crashe 
which might not have proved fatal to younger drivers.** This may> how- 
ever> be offset in part by the finding of Epstein and 0*Day (1972) that 
older drivers tend to own larger cars> which are presumably safer. 

Perchonok (1972) > studying fatal accidents, found that the under- 
21 age group had an excessively high proportion of drivers who were 
judged '"culpable" for their accident. Perchonok also reports that in 
fatal accident cases> an abnormally high percentage of drivers in the 
over-56 age group were found ^'culpable". 

Table 1-10> from Baker (1970) > demonstrates that the percent of 
fatally injured drivers judged "at fault" decreases with age above age 
24> until it again increases at age 60. The 20-24 age group had the 
highest percent at fault. Ages 50-59 had the lowest* Similarly, 
Perchonok (1972) reports that in 56% of the two-vehicle crashes studied, 
the younger of the two drivers was judged culpable. 

Other studies have applied more direct means of controlling for 
exposure when examining age differences. Borkenstein> etal* (1964) 
randomly selected and questioned drivers of passing cars> at the same 
place> time> and day of week that accidents had occurred, to compare 
accident drivers vs. non-accident controls. This roadblock method pro- 
vides accurate group exposure information for comparison* Examining the 
age distributions, Borkenstein et al. found 22.5% of all drivers in the 
control sample were less than age 25> yet this age group accoxmted for 
33.3% of all the recorded accidents. 

Pel2 and Schximan (1971a) have demonstrated that annual mileage 
driven is not greater for the youngest drivers. Using relatively sophis 
ticated techniques for mileage estimation. Involving statistical combi- 
nations of assessments of niamber of daily trips, average mileage per 
trip, time spent driving for different purposes, etc., they found that 
average annual mileage for 16 year-old males was only 3#000 miles 
(Figure 1-5). The average mileage curve then rises sharply with each 



Other sections of the present review discuss underlying problems 
of older drivers such as medical conditions, vision, and decision- 
making. 
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TABLE 1-10. AGE AND RESPONSIBILITY 
AMONG FATALLY INJURED DRIVERS 



Age 


Number 
nf 

Drivers 


Vehicles 


Fault 


14-19 


26 


73% 


12% 


20-24 


65 


63% 


6% 


25-39 


102 


54% 


18% 


40-49 


55 


40% 


27% 


50-59 


35 


40% 


31% 


60-69 


24 


46% 


13% 


70' + 


21 


10% 


14% 


Total 


328 


50% 


17% 



Source: Baker (1970) 
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FIGURE 1-5. MEAN ANNUAL MILEAGE vs. AGE 
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year*s increase in age> leveling at about 13>000 miles at age 22 or 23 
Cfor males). These authors also argue against calculation of accidents 
per mile> since this figure will decline for higher mileage drivers, 
regardless of age. They have instead ccsnpared drivers in the same 
mileage brackets, across all age groups, and found that, regardless of 
mileage, the ages IS and 19 (usually the third and fourth year of driving) 
had the greatest number of accidents and violations when compared to 
slightly older or younger drivers with the equivalent exposure- These 
authors attempted to control for inexperience with driving by studying 
separately those groups of drivers who had learned to drive at the same 
time. They found that regardless of age at which driving was learned, 
all drivers reached a peak accident and violation level at age 18 or 19, 
except those who learned to drive at age 15 (the ^'recommended" age for 
driver training) who reached their peak a year or two earlier. 

McGuire C1969; 1972) found no significant correlation between age 
and accident frequency among Air Force enlisted personnel^ limited to 
ages 17 thru 20. This would be expected, if the age-accident relation- 
ship during this period is non^linear, as Pelz and Schuman Cl971a) 
have suggested. McGuire does not report whether his distribution was 
curvilinear. McGuire also found that age at time of licensing was not 
a significant predictor. Similarly, Schuman et al. C1967) compared self 
reports of accidents and convictions, among young drivers, ages 16-24. 
They found reported accidents highest among the age 16-18 groups, de* 
dining Very slightly for ages 19-20, with a greater drop thereafter. 
Reported moving violations, liowever, peaked at age 19-20^ with slight 
declines for both older and younger drivers. Schuster (1966), using 
regression methods to predict accidents, found age to be a significant 
predictor of accidents for a sample of high school students, but non- 
significant for a similar sample of college students. This finding 
might also corroborate the findings of Pelz and Schuman (1971^), suggest- 
ing Schuster's college sample was measured during the peak accident 
liability period, where the relationship between age and accident 
frequency is non-linear. 

Other studies have not shown a peak age for accident liability- 
Harrington*s Young Driver Follow-up Study C1971) suggests that driving 
experience is far more important than age as a predictor of accident 
liability. His results, using records of drivers licensed at age 16 
or 17, reveal little change in accident frequency during the first four 
years of driving, while miles of driving increased each year. Thus, the 
accident rate per mile driven declined. Harrington also reports that 
the percentage of accident-involved drivers who were judged ^'responsible'* 
for their accident dropped from 61% in the first year of driving to 49% 
in the fourth year. (Forty-nine percent was the population average.). 
Conviction rates did peak at ages 18-19, even after adjustment for 
mileage. 
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Alcohol -Related Errors By Age . 



The major Level I sources of research data relating alcohol errors 
to age are the alcohol-related (A/R) traffic convictions (e.g., DWI> DUI, 
etc.). (Some information from accident and police records is also men- 
tioned here to provide further clarification.) Although studies vary 
in methodology and samples, the general conclusion derived is that the 
younger 20-30 and middle age ranges 30-45 are highly in^llcated in 
alcohol*r elated errors. Finch and Smith (1970) report that 40% of the 
drinking sample who had a blood alcohol concentration (BAG) above 0.15 
were ages 20-29 and 48% were ages 30-49. Selser (1969) found comparable 
results in comparing control and fatal saiiq>les of drivers. The highest 
proportion of drinlting drivers were found in the 21-30 and 31-40 age 
groups. 

Multidisciplinary accident investigation by the Institute for 
Research in Public Safety (1973) added further support for the over- 
involvement of this middle-aged driver. 

Alcohol-related accident involvement produces an exaggerated inver- 
sion of the U-shaped curve found for general accidents. (See Figure 
1-6). 14 xhe middle age range> i.e., 33-44 year olds> surpass all other 
groups in accident over-involvement, in contrast to their non*alcohol 
accident under- involvement. The ends of the dimension > the young and 
the elderly, are both under-represented in alcohol-implicated accidents. 
Claris (1972) reported similar curvilinear age patterns for drivers in* 
volved in fatalities who had BAC's greater than 0.15 for drivers con- 
victed of DWI, The distribution pealted at ages 35 and 44 for fatalities 
and DWI drivers, respectively. 

The general conclusion to be drawn from these studies is the very 
young (less than 20} and older populations (greater than 45) are less im- 
nlicated in alcohol-related crashes than the 25-45 age group, WI airrests 
are also more prevalent in these age ranges, although the mean age is 
slightly higher than for fatalities. Shupe and Pfau (1966) showed DWI 
arrests to peak at age 30-34 for males and 40-44 for females. Perrine 
(1974) also found DWI to be over-represented in the middle age categories. 
He conq)ared the age distrr/uution for general and commercial drivers 
with DWI's, and reported that 45% of the DWI sample were in the age 
ranges of 25-39> compared to 39.6% in the general and commercial driver 
sample. Forty percent of the DWI sample were over forty years of age> 
compared to 19.8% for the general and commercial driver sample. 



The accident involvement ratio" has been developed by the Institute 
for Research in Public Safety at Indiana University as a means of 
quantifying the over -involvement of problem driver subgroups. The 
ratio is derived from the recorded accident over-involvement of 
driver subgroups relative to the presence of these same subgroups in 
the general driving population. (Institute for Research in Public 
Safety> 1973). 
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INVOLVEMENT RATIOS 



Age 



Under 
20 



20 
24 



25 
34 



35 
44 



45 
54 



55 
64 



65+ 



U 

o 
> 

7^ 3 



(1.159) 



_^General 
"Accident 
Drivers ' 

Alcohol 

Accident 

Drivers 




(.R33) (.879) t.906) TT^T^T"^-^-^ 



8) 



(.414) 



(.564) 



Source; Instituts for Research in Public Safety (1973) 

riilURE 1-6, ACCIDENT INVOLVEMENT RATIO BY AGE 
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TABLE 1-11. VIOLATIONS PFR 100,000,000 MILES 
PY A6E AND VIOLATION TYPE 



TYPE 


AGE 




UNDER 26 


26 »6S 


OVER 65 


SPEED 


1704 5 




219. 8 


Sim 




476-2 


711-2 


TURNING 


263.3 


186-7 


33f).5 


PASSING 


314,5 


168.4 


21 J- 4 


RIGHT-OF-WAY 


1S9-1 


108.5 


260-5 


MAJOR 


78.4 


48- 3 


32.3 


ALL TYPES* 

j 


4372-1 


1740.6 


1869. 7 


MILEAGE 


12,422 

* 


14,213 


8012 



Source: 'Adapted from Harrington and McBride (1970) 
Excludes Miscellaneous Technical Violations (not shown). 
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Recognition errors for the older age group might also represent in- 
experience with newer vehicle and highway design features. ■'^^ 
Further explanation of recognition errors is provided later by the 
Level III performance measures. 

Predictive Utility 

A number of investigators have employed the age of the driver, with 
numerous other variables, to predict future accidents or convictions. 
Levonian (1963) used stepwise multiple regression to predict '^negligent 
operator'* status, a measure of past accidents and convictions derived 
from California* s point system. He found age to be the second best pre- 
dictor, following estimated mileage. Levonian (1967), and Finkelstein. 
and McGuire (1971) found age to be a significant predictor of subsequent 
accident Wability second only to prior convictions. Carlson (1968), 
using the automatic interaction detection algorithm, also found age to 
be the second best accident predictor, after total convictions. Interest- 
ingly, the split occurred so that ages 16-20 and 26-75 fell into the low 
accident group, while ages 20-25 and 75+ composed the high accident 
group. 

However, Harano et al. (1973) included in their regression several 
hundred variables including biographical, personality, socio-economic, 
attitudinal, and performance measures. They found that when these were 
included, age was replaced by other variables. This suggests the possi- 
bility that attitudes and social pressures; rather than age per se, 
result in poor driving records. The variable age could thus represent 
a host of life style and socio-economic variables which in turn relate 
to both driving exposure (qualitative and quantitative) and accident 
liability. 



Operational Constraints 

Age is readily available in state driver license files. However, 
accuracy of reported ages could potentially be a problem. There are 
several reasons why a driver might inaccurately report his age to a 
driver licensing agency. Younger drivers might falsely represent their 
age to qualify for driving at an earlier age, to qualify for employment, 
to be able to purchase liquor, etc. Initially falsified information 
might remain within the licensing records throughout the life of the 
driver. A systematic validity (accuracy) study, cross-checking driver 
license file age data against another agency* s records, or against actual 
birth records, has not, to our knowledge, been conducted. Such a study 
might suggest categories of drivers for whom cross-checking of reported 
ages might be fruitful. 



^^iener (1972) presents an excellent review of research in the areas 
of elderly drivers and pedestrians. 
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There is also considerable evidence that the reporting of both 
violations and accidents is biased by age* Klein (1966) discusses the 
two major problems in interpreting age-related accident and violation 
data: exposure and reporting bias. His conclusion can be summarized 
as: 

Exposure : Present methods of estimating exposure are grossly 
inadequate, especially when applied to individual age groups* Also, 
the teen-ager may be more likely to be exposed to the most hazardous 
driving conditions. (Nighttime, poor weather, etc.) 

Differential Reporting : Statistical reports of violations and 
accidents deal with only a small proportion of the deviant population* 
Adults are more often not cited by traffic control officers, more 
likely to be exonerated by judges, and often able to settle accident 
claims without reporting to law enforcement agencies. 

Klein and Waller (1970) present further evidence of differential 
reporting of accidents by age, as shown in Table 1-12. Although the 
sample size here is relatively small, these data clearly show that 
drivers above age 30 have a substantially higher proportion of unre* 
ported accidents (at least in this one jurisdiction). Again, -we know 
of no research study which has effectively controlled for reporting 
bias while analyzing the frequencies of violations and accidents by age 
groups. Thus, reporting bias may be^ at this time, the most serious 
limitation for the use of age as an accident liability predictor in 
a driver licensing setting. The use of age to differentially apply 
assessment, treatment, or control programs could also be interpreted 
as age discrimination. 



Discussion 

Table 1-13 presents the findings of several research studies which 
have used the driver*s age as a predictor variable. The correlations 
found have been relatively high, particularly for the more frequently 
occurring types of convictions. In most cases, the correlations are also 
considerably higher for males than females (probably resulting from 
higher exposure, and thus higher criterion frequency). 

In summary we can say that yoxmger drivers tend to have poorer 
driving records, even after correction for number of miles driven. 



^^It should be noted that controlling for reporting bias, as in the 
case of exposure control, is unnecessary for most actuarial purposes. 
Instarance agencies are concerned primarily with reported accidents, not 
with "true" driving risk, which is an important concern of researchers 
and licensing agencies. 
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TABLE 1-12. REPORTABLE CRASHES OBTAINED BY INTERVIEW VERSUS THOSE 
FOUND IN RECORDS OF MISSISSIPPI HIGHWAY PATROL - 
BY AGE, SEX, AND OCCUPATIONAL CATEGORY FOR 500 SUBJECTS 



Age 


N 


Total 
crashes 

in terview 


No. in 
Highway 

Patrol 
records 


No. not in 
Highway 
Patrol 
records 


Percent 
interview 
crashes in 
Hi^way 
Patrol 
records 


15-20 


228 


63 


38 


25 


60 


21-30 


90 


16 


10 


6 


62 


31 and 












over 


182 


31 


9 


22 


29 


Totals 


500 


110 


57 


53 


52 



Source: Adapted from McGuire and Kersh (1969) 
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Table 1-13. Selected Studies Using Age as an 
Assessment Variable 



Study 



Peck, McBfide, 
and Copptn 
0971^ 



Tytii! 
iDjirimiHil 



Driver 
Records 



I 



' jfid 
Meihcid 

I I1ev^ew«d recoFfts of 0 
[ mndom sample of C^i U'tn*^ 



Driver; 



of Dn^e^r 



V.iiidttv 



Type 
Convections 

TofivicteoiH 
(3vr.) 

FcmJes 

Cmivrciion^ 

; avr.J; 

i Female* 



-.237 .OS 



Sample 



' 30.277 



.047 ' .OS 
.002 . N$ 



42,22a 
30.277 



-.071 .OS 
-.004 WS 



42.22g 
30.?77 



{ Rinht^fWav I 

' Convichons 

i <3i^rJ; I 

^ Females 



j E<]uipmcm 

E Cnnvtctions 

i f:5VT^ 

i f-emales 



-.016 .as 

-.002 I MS 



'JGG \ .05 
',058 ; .05 



' Ipchmcal j 

I Cfinuiciions j 

■ fSyr): j 

j FnmaJei 

I Noil Cof^itnhlii' 

I Convicnions 

; f3vr.)' 
Males 



140 > .OS 
.075 ■ .05 



42,22a 
3D 277 



42,723 
30^77 



Accidti^tj 



Af:cidertti 
i3vr.l: 

htalfis 

Females 



-oai . .05 
i -.021 ! .05 



Si/*f 



I ^2^2B 
, 30.277 



42^28 
30.277 



.157 ^ .05 
.066 ' .05 



Siynal/Stfin 
Convrciions 
13 yr.Jj 
lUlalcs 
f »mai« 



I Turitrng/ 

' Stopping/ 
Srgi>allm9 

' Convrdifjns 

1 Uvrl: 
Males 
Fcntale^ 

, S|ieed Con 
' vtctions 
j *3i^rJ; 
I IUIal« 
Fomates 

I Majm 
Convtctions 
f3yr.h 
lUlales 
Females 



'JOG - .05 
.000 j MS 

f 



-.031 ' .05 
.043 .CD 



42,228 
30,277 



I 42,22S 
I 30.277 



t 42.22a 



|_3o!?77| 



.255 .05 
■J28 .05 



2.228 1 
30,277 J 



'.042 .05 
-.007 , NS 



Continue - 



42,226 
30,277 
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Table 13. Selected Studies Using Age as an 
Assessment Variable (ContJ 



Studv 



JOsirumeiil 



Quntion- 



and 



Validfiv 



T 



Tvp& 



Corr<llaivif lest and quftstion^ j Age o( Driver 



notrft it«m$ with setf-reported 
Accident frequency for young 
malf drivers {A^ 17^201 with 
a two year (hiujng hutory. 
iRamlom Sample) 



(Rangi 17-20) 



Ag* at Time of 
Driver [,tc«ia;ing 



So^ilile 
Si/e 



Accidents 



Type 

S^lf- Reported 
Accidents 
(2 yrU 



S«rr Reported 
A^ideitts 
il yrs.) 



-.01 



-.01 



I Sainplfj 
P J S./e 



1481 



Gaodjon 
0972) 



Li ct nslng 
jrtif Acci- 
dent 
fleturdi 



Assessed 4 y«ar follow up acci^ 
dent records for driV«rs with 3 
or mote accidents in S9m» year. 
Ranifom Controls. {Con^ 
trastad Sample) 



Mean Age 

(y«J 



Accident 
Group 45 yrj 

6-7 Accident 
Group 

5 Accidani 
Group 

Control GroitP 



32.3 
38.7 



NR 
NR 
NR 



127 
228 
361 



NR ; 326 



M.W. Pferrme 
0974) 



Question^ 
n^re 



Questionnaire Admmisier«d 
learner applicants, af> plica nts 
for junior operator'^ license, 
applicants fnr operator's 
Uciinse, \\^\ safety group, DMis 
{Contrasted S(tmPte) 



A9& per cent 

40+ 



Operator 
?m 
Fail 
Fr«et 
DM1 



19% 
22% 



NR 
NR 
NR 

m 



185 
64 
70 
78 



HafDoo 0974) 



Driver 
fleeorih 



A battery of psych o-physicat 
tests was administered to 850 
Mg^igpni dfiv«i$ vvha aiiefidtd 
« driver improvement meeting, 
{jfudicting f mtire errors, (dor- 
ter aftatysis.and {^ata eolation 
reported in earfier study 
Finicei^ein and MtcGuire 1971) 



Age 



Toiat Con- 
vie ^ons ISub- 
stqvient yr,t 



.01 



8S0 



T0I41I Cvlli^ 
lions ISub- 



-.074 



.05 



-1: 



NR 

NS 



Not Si^ntttCAni 
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However, this finding can be criticized, since both reported violations 
and accidents may be biased in favor of the older driver. All of our 
remaining conclusions must be viewed in light of this constraint. Con- 
trolled research is needed to determine the extent to which such biases 
may distort conclusions about age. 

Younger drivers do drive more frequently with excessive speed. As 
a result, the accidents they have tend to be more severe* IVhen consider- 
ing the more severe accident classes only, decreasing age appears to 
reduce involvement* This relationship, however, is not necessarily 
linear, since increased exposure and various social pressures tend to 
increase the problems of the young driver, while increasing driving pro- 
ficiency decreases these problems- The most hazardous period appears 
to be'3-4 years after learning to drive* 

Klein suggests several reasons for the peak and subsequent 

decline of driver errors at ages 18-20: 

- Learning Effect : Violations and accidents are errors wfiich 

decrease with greater experience. 

- The Role of the Teen-ager in our Society : The automobile may 

be used to express unfulfilled needs and rebellion. 

- Rislc-talcing as a Cultural Value : Influence of popular heroes 

may increase high-risk behaviors among the young* 

The problems of the older driver tend to be the result of deterio- 
rating physical and perceptual skills, decreased ability to withstand 
crashes, and inexperience with newer highway and vehicle design features - 
Fortunately, these effects are largely mitigated by the decreased highway 
exposure of this group* Quenault et al. C1968) , who compared a sample 
of young drivers fages 17-20) with older drivers (s-ges. 60-70) on driving 
simulator performance, offer the following general conclusions about 
their results: 

**The picture which emerges from these results is that of 
a young, fast, competitive driver, more easily frustrated than 
the older driver and with quicker visual reaction times- On 
the other hand, the older driver is seen as slower, steadier, 
and more tolerant of other drivers* behavior, but given to 
lapses in judgement of traffic situations while driving.-**' 

These general trends reflect both physical and psycho-social group 
differences for which, using driver record data, the simple variable 
**age'* is a gross measure* 
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Sex 



Aside from age> sex is most freqtiently mentioned as ^ biographical 
predictor of citation and accident frequency. Numerous sex-related 
differences in driving performances have been found> in both general 
driving performance and in specific types of driving errors* 

General Driving Errors By Sex 

Virtually all studies examining general driving errors by sex have 
implicated the male driver in the vast majority of both accidents and 
convictions. The California Highway Patrol Data (1967), population 
adjusted by Homburger (1968) > reports traffic injury and death rates 
by sex> as shown in Table 1-14. Peck> McBride> and Coppin (1971) > re- 
porting their statistical breakdown of accident rates> report> "All sex 
differences were highly significant, with males having over twice the 
accident and citation rate of females.** Similar results abound. 0*Neall 
(1967), reports that '*while men make up 57 percent of the licensed 
driver universe, they account for 73 percent of the accident- involved 
drivers..." Kraus et al. (1970), found that only 9% of their accident-s 
involved san5)le were female (but conclude that this can be explained by 
the lower percentage of females who obtain driver's licenses, and by 
lower mileage driven by females who do drive). Goodson (1972) studied 
recidivism among high accident drivers and observed "nearly all high 
accident drivers are male." None of the above findings have attempted 
to control the biggest problem in reporting sex differences — driving 
exposure. When exposure is properly controlled, sex differences are 
not nearly as pronounced. 

Some research studies have attempted to control for exposure by 
using group statistical exposure estimates. Harrington and McBride 
(1970) report that while male total violations per driver are alnrost 
exactly three times as high ^s for females, when these figures are ad- 
justed for gross mileage, estimated male violations are only slightly 
higher than female. For young drivers, Harrington (1971) reports that 
mean accident and conviction ^rates were much higher for males than females 
in his sample, ages 16-20. After adjusting for mileage, however, accident 
rates for both sexes became quite similar, although the conviction rate 
for males remained twice as high. (He also reports differences by sex 
on type of violation with males having more speed citations, females 
more right-of-way violations.) 

Another means to minimize the confounding effects of experience 
and exposure is the separate calculation of percent error within sub- 
groups. Harrington*s (1971) results using this technique are pre- 
sented in Table 1-lS. 
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TABLE 1-14. INJURY RATES (ALL VICTIMS) PER 100,000 POPULATION 





All Injuries 


Fatal Injuries 


Male 
Female 


1422 
087 


37 
14 



Source: HombeTger (1^68). 
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TABLE 1-15. PERCENT ACCIDENT TYPES BY SEX 





Male 


Female 


Percent of drivers at fault 


58 


47 


Percent single vehicle 


24 


15 


Percent alcohol involved 


6 


2 


Percent with speeding violations 


47 


38 


Percent with right-of-way 
violations 


18 


.28 



Source: Harrington (1971) . 
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Multivariate studies havCgalso shown sex to be an important pre- 
dictor of accident liability. Levonian (1967) found a single correla- 
tion of .115 between sex and poor driving record, making it the third of 
four significant predictors in a regression equation predicting negligent 
operator status. The other significant variables were driving exposure, 
age, and marital status. Other variables, including vision scales, were 
not significant. Similarly, Finkelstein and McGuire {1971) found sex 
to be a significant predictor of accident liability, when used in con- 
junction with numerous driving record variable^. However, when analyzing 
a six-year sample of drivers by the automatic interaction detection 
statistical procedure, Carlson (1968) found that sex was not a signifi- 
cant predictor of accidents, when included with such variables as con- 
viction record and age. 

In every category except accidents with right-of-way violations, 
males still demonstrated poorer driving performance. Similarly, Baker 
(1970) reports that 25% of female fatal accident victims (drivers) had 
been judged **not at fault** compared to only 10% of the male sample. 
However, Perchonok (1972), also using post-accident accounts to determine 
culpability, produced an opposite effect. His results for two-vehicle 
collisions are reported in Table 1-16. A recomputation to examine all 
involved drivers separately by sex (similar to Harrington*s and Baker's 
analyses) showed males at fault in 48.0% of the two-vehicle accidents in 
which they were involved, while females were at fault in 55.5%. In con- 
sidering all accidents, however, PerchonoV* found no significant differ- 
ences in culpability by sex. 

Maximum control over the problem of differential exposure can be 
achieved by using roadblocks to stop and survey non- involved drivers at 
the same time, day-of-week, and locations as accidents have occurred. 
This provides a valid control group. Borkenstein et al. (1964), con- 
ducting case-controlled roadside surveys at accident locations, found 
that females comprised 21% of the populations-at-risk' (all, drivers at 
the same accident time and place), yet were involved in 22% of the 
accidents, Perrine et al. (1971), reported that 17% of their road- 
block (control group) sample were female, while only 5% of their fatally 
injured driver sample, and 2% of their recent DWI sainple, were female. 

The 1964 California Driver Record Study, Part 6, presents an , 
additional interesting, findijjg of driver record differences by sex. . 
These authors correlated tot^ number of accidents per year, separately 
by sex, for both consecutive and alternate years. Their findings are 
presented in Figure 1-7, They found accident-accident correlations 



In- fact, due to this strong relationship, many researchers have 
conducted analysis separately by sex. This technique clarifies 
interactions and increases overall accident prediction (although 
the multiple R declines). Of course, this method could be applied 
to any variable which is rf^lated to the criterion. 
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TABLE 1-16. CULPABILITY VERSUS SEX FOR DRIVERS 
IN THE SAME ACCIDEMTS 





Non culpable 


Noncu Ipable 




Male 


Female 


CuZpable male 


272 


68 


Culpable female 


97 


48 



Source: Perchonok (1972) 
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FIGURE 1-7. ACCIDENT" ACCIDENT CORRELATIONS BY SEX OVER TIME 

(Consecutive vs. alternate years) 
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higher far males in consecutive years > and higher for females in alter- 
nate years. Although the magnitude of these correlations > or the differ- 
ences between them> is not high ith^ were significant since an extreme- 
ly large sample was used), the authors consider this finding suggestive 
of a '^suppressor effect'* of the accident experience. That is> the 
occurrence of an accident may have sufficient psychological impact to 
decrease the probability of a subsequent accident* this suppressor 
effect> if present, apparently has a more pronounced or longer- lasting 
influence upon female drivers. The authors found no similar effect 
using conviction statistics. 



Alcohol -Related Errors By Sex 

Harrington (1971) demonstrated, as shown earlier in Table 1-lS, that 
for his young driver sample, males were three times as likely as females 
to be involved in alcohol-related accidents. Similarly, Baker (1970) reports 
higher male alcohol consumption among fatally-injured accident drivers. 
Fifty-two percent of the male victims had blood alcohol concentrations 
greater than 0.10, compared to only 24% of the female victms. 

The Institute for Research in Public Safety's (1973) multi- 
disciplinary accident investigation CPigi^i^ 1-83 has demonstrated that 
males are highly over-involved in accidents, which is further enhanced 
in alcohol-implicated accidents. Females, on the other hand, represent 
a mirror image of slight under-involvement in general accidents, and 
marked under- involvement when alcohol is implicated. 

Males are also highly over-represented in DWI convictions* Com- 
parisons of several ASAP sites throughout the United States revealed 
that 90% to 97% of DWI offenders were males (Human Factors Laboratory, 
South Dakota, 1974). Similar results have been found in research con- 
cerned with general drinking problems. Cahalan (1970) found that among 
a random sanrple of 13S9 subjects, 27% of the males had some form of 
a drinking problem, con^ared to only 8% of the females. 

Thus, sex of the driver shows a very strong relationship with 
alcohol-related driving errors, with males highly over-involved. 

Risk-taking Errors By Sex 

Perchonok (1972)^ examining culpability for all crashes, found no 
significant differences by sex* When examining culpable drivers only, 
however, Perchonok found culpable males to be more likely to have 
engaged in **high-risk'* behaviors. Harrington* s (1971) analysis of 
young drivers found males more likely C47% vs. 38%) to commit accident- 
related speed violations. Harrington ^ and McBride*s (1970) more de- ^ 
tailed breakdown of violation types tdjusted for mileage (Table 1-17) 
shows males higher on both speed and major violations, each of whidi 
contains an element of **high-risk*' behavior. 
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IMVOLVEMENT RATIOS 



Dl^rVER SEX 



Male 



Fefnalc 



_Generai 
Accident 
Drivers 

_Alcohol 
Accident 
Drivers 




{.72C) 

N 

N 

N 

( .248) 
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TABLE 1-17. VIOLATIONS PER 100,000,000 MILES 
BY SEX AND VIOLATION TYPE 



TYPE* 


SEX 




MALE 


FEMALE 


SPEED 


701 


S62 


SIGN 


S23 


S84 


TURNING 


201 


210 


PASSING 


199 


1S6 


RIGHT-OF-WAY 


119 


149 


MAJOR 


59 


26 


ALL TYPES 


2171 


182S 


MILEAGE 


18,000 


7200 



Source: Adapted from Harrington and McBride (1970). 
* 

Excludes Miscellaneous Technical Violations (not shown) 
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From these studies it can be concluded that males are more likely 
to commit risk-taking errors although the differences by sex are less 
dramatic than differences by age. 



Recognitfon Errors By Sex 

Harrington and McBride's (1970) analysis of violations by types> 
Table 1-17> demonstrates that for the coramon measures of recognition 
errors, including sign> turning, passing, and right-of-way violations, 
females have more of each of the types, with the single exception of 
passing violations. It is hypothesized that this one exception may 
result from the fact that passing violations contain an element of 
impatience or high-risk, as well as an element of recognition. The 
remainder of the recognition error types occur significantly more fre- 
quently fox females, suggesting some sort of perceptual or performance 
deficiency. It should be noted that these figures are derived from 
group mileage estimates, which may or may not be accurate. In addition, 
reported convictions may also be subject to, bias by sex. 

It is, however, apparent from this level of observation that 
recognition-related errors occur differentially by sex. The qualitative 
aspects of these differences will be further examined in Chapter 3. 



Discussion 

As an operational variable, sex of the driver can be considered 
highly reliable and accurate, since there is relatively little opportu- 
nity for reporting discrepancies. However, any analysis of driving 
criteria by sex is subject to the errors of exposure and reporting bias. 
Lack of proper exposure control renders many e:q)erimental results 
questionable. Reporting bias could also be a problem if, for any reason, 
either sex tended to have fewer actual violations reported, be convicted 
of lesser offenses for similar violations, etc. Additionally, use of 
the driver's sex for differential count ermea sure assignment Tnay be 
subject to charges of sex discrimination. 



Trafffc Convictions . When differences in e^qJosure and experience 
are controlled, males appear to have a significantly higher con\Liction 
rate. Qualitatively, males have more ^'high-risk** violations such as 
speeding, illegal passing, etc. Males also constitute the vast majority 
of DWI arrests. Females have more citations for signs and right-of-way, 
perhaps suggesting a difference in perceptual style. 
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Accidents * Both sexes appear to have very similar accident rates 
after proper controls for exposure, although there is some evidence 
that the rate is slightly higher for females. There are> again> major 
qualitative differences. Males are involved in more single vehicle 
crashes, which very frequently involve alcohol* Males are also prone 
to have emitted "high«risk'* behaviors (speeding, etc) at the time of 
their accident^^ These "high-risk" behaviors tend to increase the 
severity of acqidents* Thus, males are over- represented in fatal 
crashes* Fem^es may be involved in slightly more per "population-at- 
risk" accidents, and may be slightly more likely to have been culpable, 
but since they are less prone to high-risk behaviors, their accidents 
are significantly less severe, resulting in fewer fatalities* 

From the vantage point of the program administrator, males clearly 
represent the greatest problem, in terms of percent involvement* 
Table 1-18 illustrates this for several criteria. Males are highly over- 
represented in all categories, although differences are significantly 
less on accidents than on the violation criteria* Of course, none of 
these data are controlled for exposure* 

Uti 1 i ty ^ In regression equations predicting a gross accident 
measure such as total accidents in a given period, sex will not neces- 
sarily be a useful predictor, since males and females have very similar 
total accident rates when exposure is properly controlled* When em- 
ployed in this manner, its success seems to be a function of the other 
variables in the equation* If an accurate measure of exposure is in- 
cluded, sex should not be a significant predictor, since per-mile 
accident rates by sex are similar* Thus, in the absence of good indi- 
vidual exposure data (which appears likely to continue), the variable 
"sex*' will be of significant utility in increasing gross accident pre- 
diction (reflecting primarily exposure differential)* However, strong 
differences by sex have been shown when examining particular types o£ 
driving errors* As will be seen later, numerous other differences occur 
by sex, including physical, perceptual, social, attitudinal, and driving 
performance variables* Thus, the sex of the driver would seem especially 
useful in predicting more specific accident criteria, such as particular 
accident types, or accident severity, where per-mile rates reveal strong 
differences* Table 1-19 presents the findings of several research 
studies using sex as an assessment variable* 

Marital Status 

Married drivers have often been cited as safer drivers than single 
drivers* Harrington and McBride (1970) report that for all types of 
violations, unmarried drivers generally have poorer records, with the 
exception of married males in the under-21 age group, who average more 
violations than their unmarried counterparts for most violation types* 
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TABLE 1-18. DISTRIBUTION OF ACCIDENT/VIOLATION CRITERIA 
BY SEX 



1967 

Multiple Accident 
Driver 
% 


1967 
Violator 

% 


1967 

Multiple Violator 

% 


1967 
Drink Violator 

% 


Male 


84.4 


90.3 


94.5 


93.9 


Female 


15.6 


8.1 


4.2 


4.9 


Unknown 


Sex .0 


1.6 


1.3 


1.2 


TOTAL 


100.0 


100.0 


100.0 


100.0 


N = 


C2121) 


(6547) 


C547) 


(2098) 



Source: Ingersoll, Throw P, Claiite (1970). 
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Table 1-19. Selected Studies Using Sex as an 
Assessment Variable 



Smdy 


Type 
of 

tn^trumeni 


Sampli DeiChpiion 
and 
MeihU 


Var^bte( 


Validity 


Convictions 


Accidents 


Type 


r 




Sample 
Si^e 


Type 


r 




Sampfo 


fl972) 


Liciiulng 
and Acci- 
dent 
Records 


A£»js«d 4 vear (olloM-up itci* 
dent fttonJi for drivers vnlh 3 
nr mofi Occidents in lame vear. 
Random tiintrol(. (tontraiied 
Sample) 


Pir cent of Malet 










>8 Accittent 
uroup 13 yr.if 




M a 
n n 


127 










G-7 Accident 
Group 


94.8fi 


NR 


288 










5 Accident 
Group 


9S.G% 


NR 


3G1 










Control Group 


BS.2% 


NR 


326 


(1974 


f1«cordi 


A baitirv of pivctio^ph/ik4) 
inu \NK admfnisitred to 3S0 
neSltgtnt drivers who attervdtd 
a driver Improvement meeting. 
Predicting fuhiri errojs. (clui- 
ttf analvsi( and daia cotleciion 
reported in urlientudy 
f inkvlitein and McGuIrt 1970 


Sen lO^mafc. 
l^(emfllo} 


Total Convic^ 
tioru {Siibs«- 
quantl yrJ 


-.092 


.01 


eso 


Total Colfi* 
siOns (Subso- 
queni 1 yrJ 


.OOS 


NS 


8S0 


f>ck. McBride 
and CoPPin 
(197t) 


Driver 
Record 


RevietAffld recordi of a r^dom 
jampla (2%) of the California 
driving pDpulitiont 
F*maiei-30^77 
M3lej=43^09 


of Driver 


Mean Convic- 
tions (3 Vr^) 

fUlalcs 
Femafei 


S2 

.35 


.001 


method 


Me^ Acci' 
denu (3 V"^) 

Males 
Females 


2S 
.13 


4)0t 


seo 

meiliod 


Harrington 


Mailed 
Siirviy 
Ouettion.. 
naire 


^rvr^ed young drivers four 
years after licensinf) at agei 
1817 J Random Sample) 


Seit of DriwT 

i 


Mean Number 
of Convlctioiu 

Malei 
Females 

1 


3.17 
0.83 

1 


MR 


4717 
4t99 


Mun Number 
o1 Aeeidenli 
f4 yrjJ: 

Mates 

Fenules 


0.G4 
0.3S 


NR 


4717 
4199 

i 



^dR Noi HepQrivd r COtrCianoi^ cof MiCi#nt jproduci momtnt gnT«(iath«rwne ipflCiliCtt QCctttOmiry fntan vJtues rQporttd in r column^ 

MS ^ Not Signilicant ? - PidbatM^tv or vtmricanc^ KhAi twen drour^cdl 
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Using accident criteria, Peck> McBride> and Coppin (1971) demon- 
strated that married drivers have significantly less accidents, as well 
as citations > than their urunarried counterparts* The difference was 
not quite as pronounced for accidents (See Figures 1-9 and 1=10)- They 
also found that marital status differences tend to decline in the 
older age groups. A significant interaction was foimd between marital 
status and age> further demonstrating that marital status does not 
exert a constant effect for all age groups. 

Other studies demonstrate sii-lil'^r differences by marital status. 
Harano> et al. (1973) also found ^ M jnificant correlation between 
accident liability and marital stittu^ (r=^.253> with single drivers 
over-represented in the accident-repeater group. Unmarried drivers 
composed only 27% of the population-at-risk roadblock san^le of drivers 
in a case-controlled study by Perrine et al. (1971) > yet they comprised 
41% of the fatally injured driver sample. They were 34.9% of Baker^s 
C19703 fatally injured san^le> but there was no control grotip- Bakor 
also found no significant relationship between marital status and crash 
responsibility, but did note that unmarried drivers under age 25 were 
over-represented in single vehicle accidents. Wallace (1969) found 
that remedial driver improvement programs were less successful for 
single drivers. 

The Institute for Research in Public Safety's (1973) imilti- 
disciplinary accident investigations have demonstrated that general 
accident involvement is slightly higher than expected for both single 
and divorced-and-remarried drivers, while general accident involvement 
was slightly lower than expected for both married and widowed drivers. 
However, for divorced or separated drivers > general accident involvement 
was found to be at least four times as high as expected. 

Levonian (1967) used multiple regression to predict negligent operator 
points Cp^^iniarily convictions) > and found marital status to be the fourth 
and final significant predictor, after exposure, age> and sex. (^=--075). 
Harano et al. (1973) and Finkelstein and McGuire (1971) both foxand 
marital status to be a significant predictor of accident liability, in 
conjunction with other variables. The Harano study, which employed 
many variables > assessing driving record> personality, attitude, socio- 
economic, perceptual, and performance measures, found marital status to 
be a useful predictor, but of less significance than a variety of other 
variables. Additionally, Harano reports greater predictive validity 
using the simple maxried-single dichotomy, rather than more specific 
categories, such as married, widowed, divorced,^ etc. _ _ 

Alcohol Related Errors By Marital Status; " 

Marital status, especially if recent changes can be measured, is 
an important predictor of general accidents, but is even more important 
as a predictor in alcohol -related accidents- Single drivers, whether 
they are divorced, separated, widowed, or never married, have a 
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Source: Peck, McBride and Coppin (1971) 

FIGURE 1-9, MEAN ACCIDENT FREQUENCY BY AGE, SEX AND MARITAL STATUS' 

(Three Year Driving Record 1961-^1963) 
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Source: Peck, McBride and Coppin (1971) 



FIGURE 1-10. MEAN CITATION FREQUENCY (COUNTABLE CONVICTIONS + MOVING FTA'S) 
BY AGE, SEX AND MARITAL STATUS 

(Three Year Driving Record 1961-1963) 
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disproportionate involvement in accidents > specifically fatal accidents 
involving alcdiol. (It should be noted that marital status as obtained 
from licensing bureau files often does not contain up-to-date informa- 
tion on changes in marital status.) 

The Indiana multidisciplinary accident investigation (Institute for 
^Research in public Safety > 1973) produced a breakdown of alcohol-related 
accident involvemeiit by marital status (Figure 1-11) # The divorced sub- 
group^ which is the most over-involved in general accidents, nearly 
doubles its involvement r^tio in alcohol-related accidents. The separated 
subgroup, however, climbs from a high over- involvement ratio in general 
accidents (4.0) to an extremely high ratio for alcohol-involved accidents 
(30.3). Further evidence for the role of marital status in alcohol* 
related fatalities was found by Finch and Smith (1970). Forty percent 
of the fatally injured drivers were separated/divorced, compared to only 
4% in the control. Forty-four percent of the fatals had been married 
twice, conqpared to only 16% in the control sample. In a roadside sur- 
vey Filkins et al. (1974) reported that divorced or separated males 
were over-represented in drinking and driving. While 4.5% of the U.S. 
male population are divorced or separated, Filkins found that 13.9% of 
the drivers who had BAG levels greater than 0.10 were divorced or 
separated. In an analysis of an accident file, drinking divorced/ 
separated drivers were also over-represented. 

In summary, these studies demonstrate a high relationship between 
marital status and alcohol-related accidents. General trends have been 
presented here. Marital discord and its attendant social and phycho- 
logical factors will be discussed in Chapter 3, 



Risk-taking Errors By Marital Status 

The detailed breakdowns of violation types by age, sex, and marital 
status presented by Harrington and McBride (1970) demonstrate that the 
previously noted interaction between age, sex, and marital status 
(married drivers having more violations only among the youngest males) 
also occurs when examining only speed violations. Peck, McBride, and 
Coppin (1971) report a correlation of speed violations with marital 
status for males of .133 (.072 for females), compared to -.255 (-.128 
for females) for the same violations correlated with age. This would 
indicate that marital status is still a useful predictor of risk-taking 
related violations. 



Recognition Errors By Marital Status 

Correlations between marital status and recognition errors (as re- 
flected by recognition-related convictions) have been very low, although 
still significant. For exan^jle. Peck; McBride, and Coppin (1971) report 
a correlation of only .040 for males between turning, stopping, signalling 
convictions and marital status (.064 for females). Ttiese low correlations 
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may, in part, be a result of the low frequency of such recognition- 
related convictions. For practical purposes, marital status does not 
at present appear to be a useful predictor of recognition errors - 

Discussion 

Marital Status is not always collected or filed by driver licensing 
agencies. Even in those agencies where it is routinely collected, there 
is a major problem of recency of information. Since licensing agencies 
seldom re-examine drivers at less than two-year intervals, information 
contained in license files is often out-of-date. This is of critical 
iuqjortance since there is some evidence (in subsequent chapters) that 
recently separated or divorced people tend to have especially high 
alcohol-crash involvement, presumably due to emotional stress. As a 
result, more useful marital status information can be obtained from 
other agencies (Chapter 2) or whenever a driver is present in the 
licensing agency for re-assessment (Chapter 3), 

Some of the research findings concerning the relationship between 
marital status and driving errors are summarised in Table 1-20. The 
correlations, particularly those with total convictions, are relatively 
high. Almost all are significant. 

There is little doubt that significant differences exist in general 
driving behaviors by marital status, even from Level I sources. In 
wery case except the yoxang (under 21) male, married drivers dn the 
average perform better than single drivers. (This one exception may 
reflect social factors affecting the yoxang, married male.) These differ- 
ences are larger for convictions than for accident criteria, and seem to 
persist with or without controlling for differential exposure. They do 
seem to be related to such other measures as age, sex, attltudinal, and 
personality factors. As a result, marital status will be a useful 
predictor of general accident liability, until more specific attitudinal, 
and personality measures can be found which more directly assess the 
differences between the married and non-married driving population. 

For predicting specific types of driving problems, marital status 
is especially important in alcohol-related errors. Both divorced and 
separated drivers have extremely high alcohol over- involvement. Hpw- 
ever, data of sufficient recency and accuracy to make this type of assess- 
ment is seldom available in driver records. It is apparent that every 
effort should be made to obtain such recent, accurate marital status 
data at any agency conducting driver diagnostic assessment. 



Race 

In the past, the driver's race has been ascertained by licensing 
agencies primarily for identification jairposes. With the recent trend 
toward placing the driver's picture on the license, there has been a 
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Table 1-20. Selected Studies Using Marital Status as an 
Assessment Variable 



' Study 
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Tabtc V20. Selected Studies Using Marital Status as an 
Assessment Variable (Cont) 



Study 
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corresponding decline in licensing agency requests for applicants to 
list their race. As a result, the variable is less frequently avail- 
able for statistical research purposes* 

The few studies examining drivers by race have uncovered few strong 
differences. Harano et al. (1973) contrasted accident and control male 
driver samples (N = 427) on several hundred variables > including the 
dichotontous variables Caucasian^ Negro> Oriental, and Mexican. The two 
contrasted groups differed significantly only on the variable *'Cauca- 
sian/* apparently because Caucasians were more niimerous in the san^^le, 
and the dichotomization of the variable contrasted them against the 
other three groups. Thus> an increase in the san^^le size might have 
made differences in the other three categories significant/ although 
still very small in magnitude. Similarly, Finch and Smith (1970) 
found Negro subjects slightly over- rep res en ted in a fatal accident 
saii5>le> contrasted with controls, but the sample size was small (n - SO) 
and differences were not significant. 

However, Marsh and Hubert (1974) found that the categorical 
variable 'T>lack" correlated significantly with both convictions and 
accidents after a driver improvement contact, and remained in the step- 
wise regression equation for both criteria. This finding would suggest 
the need for further research to examine potential utility of the 
variable,, However, race may only reflect differing socio-economic 
status, which will be examined in later chapters. . - 

Driver Education/Training 

The value of formal driver education, as a means of accident re- 
duction, and consequently as a simple predictor of subsequent accident 
liability, is still quite controversial despite a large body of research 
in this area. 

. F. L. McGuire (1969, 1972) compared the driving histories of a 
large sample of enlisted airmen, and found no significant correlation 
between driver education and accidmt frequency. Other studies, e.g., 
Kraus et al. (1970) studying young driver accidents, and Asher and 
Dodson (1970) studying young highway fatalities, have also shown- no 
significant differences. Carlson (1968) reported very minor significance 
for young drivers* Schuster (1966) reports significance for college, 
but not high school samples. 

Other researchers have shown more positive' differences. 
Harrington (1971) found that those drivers who had taken '*behind-the- 
wheel'* driver training had better driving records, and also more 
socially -desirable personal characteristics, than those not taking the 
course, especially the females. A similar analysis indicated that 
classroom driver education appeared to reduce fatal injury accidents 
for females, but had little^ if an>; effect for males. Perchonok (1972) , 
investigating accidents in-depth, found that driver education made no 
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significant difference in accident culpability, or in frequency of 
'*high-risk" behaviors. He did, however, find those with driver train- 
ing were significantly lower in alcohol consiunption. 

Inconsistent findings such as these have made firm conclusions 
difficult. Klein (1966) has put ^ome of these issues into perspective. 
The following is a summary of his conclusions: 

Statistical data showing better driving performance for 
those who have received driver education or training has led 
to insurance premium reductions contingent upon completion of 
the training, which has led to massive driver training programs, 
and belief in a national '*teen-age driver problem." Such 
reactions are based solely on "faith in the efficiency of 
education." There is no evidence whatever that driver education 
is directly responsible to any extent for reducing the accident 
or violation rates. Studies purporting to show differences 
between groups with and without driver training have failed 
*'to isolate the driver education course as the relevant variable,** 
since no study has effectively matched control and training 
groups across a wide variety of attitude and personality 
measures, and then demonstrated subsequent differences in 
driving performance. 

Finally, psychologists and sociologists have found that 
attitudes and values are instilled in children at a very early 
age, and become virtually ^'instinctive." If, as several re- 
searchers Ce»g», Mann, 1958) have suggested, these attitudes 
and values play an important role in driving safety, then it 
is doubtful that a single high school course will alter them* 
greatly. 

In summary, little evidence exists that voluntary driver education 
courses improve driving performance, and any differences noted by this 
variable probably reflect psychological or social factors. (Table 1-21 
reviews some of this evidence, revealing low and generally insignificant 
correlations with driving record.) As driver education becomes increas- 
ingly mandatory, even these slight differences diminish. Thus, 
although certificates noting con5)letion of driver education are often 
required by licensing agencies to assure compliance with mandatory * 
requirements for licensing young drivers, ahe expense associated with 
retaining this information for predictive purposes alone does not 
appear to be warranted. 

Other Biographical Information 

Driver license files usually contain certain other variables for 
identification purposes, most commonly height and weight. Because these 
variables are easily obtained in studies of licensing data, several 
researchers have assessed their relationship to driver problems. 
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Table 1-21, Selected Studies Using Driver Education/Training as an 
Assessment Variable 









1 
f 


Validitv 










Typi 

al 

Inslfumeiit 


Method 




Cqdvic titans 


Accidinn 


Study 




r 


t 


p 


Sample 
Si/e 


Type 


r 


P 


Simple 
Size 


AjhfT if)d 

Oadwn 

(1970) 


Tirt 
Bimry 


Coninsied Fatally tnftired high 
schoot studertli vt. pc«r( on 
FYoiKtTaleiM data ittmi. 
(Conttast^cJ Sampit) 


Driver Trainirg 


j Type 

1 

; 








Compered diF^ 
fitrentes 
bitwten Fatel 

viciinit& 
normative 
group. 




NS 


44 


Kntii. Stivloj 
GhtDl^ «iid 
Thompsan 

rmfo) 


Ijiterview 
n»ir« 


Front dfiven under ige 21 . 
letetttd 100 yAih x iiast one 
sc^idvntt 1004Cddtf)t ^frei 
controls^ matched on *ge, lex, 
poptifition o1 aret ol r«iidenci. 
{Contri»ttd Sample) 


; Driver Education 










Compared dlF^ 
Ferencet 
beiwetn atci^ 
den< sample 

: and controls 


m 


NS 


tOO/100 


F. L fiicttaki 


ntirt 


Corrtltttd tilt titd question^ 
niiri il«nt with selt-riported 
accident frequtfu;y for young 

rtola AttoAt^ (an! 1 T-?nl hauiAff 
(nWI uflVBfS ^'y* I f iUt ■■•vifiU- 

a two yetf df iving hJrtotV- 
(RaDdom Sample) 


Oliver Education 










Self^ftiporlid 
Accident! 

\2 Yr.) 


-.01 


NS 


1^1 


<1971) 


Mai1«d 
mire 


Survftyfld young drWeri four 
V«aT3 after ticensing tt t^i 
ib^l J* iKinaom ainipiej 


Driver Education 
taken 










Totil Acci* 

denis <1 Vr. 

subsequent 

r«cofd): 
Marei 
Femates 


.02 
-.01 


NS 
NS 


4ja3 

4,20B 








Driver Ttamifig 
(akei) whin 
offered 










Melts 
Females 


-.06 
~M 


J»1 
J»1 


0,423 
4,7G5 








Driver Edircaliofi 
Taken 










faVr. Siit^ 

siqueni 

r«Cord): 
MtliS 
Femetes 


.03 
.00 


.05 
NS 


4,780 

4,203 








Driver Training 
taken when 
offered 

1 

t 

! 
1 


1 
1 
1 


1 
1 

! 

I 
i 

\ 

i 






lUlstei 
FemiKes 


-.01 
-.04 


NS 

.01 


6,423 
4,765 

1 

i 



IVR Uo\ Reported f CoffPiiriflo cm^fnCiHi^i t^KOtfu^r loomynt vtiWts omarMiW iijjt ^^l(*tt Occai.O'Uilv in::"^^ «aM) rttU'jrTftl m t column^ 

^^S Not Sijinit*ceni P - PfObstbJjrV uHnin-iiMntu I^a* iJOim rimiiiirrti 



104 



Peck> McBride> and Coppin (1971) correlated height and weight 
from license files with various types of driver problems. They found 
small but usually significant correlations between height and most 
common conviction and accident types. It was also found to be a minor 
but significant C«^on (Current) predictor of driver problems in certain 
regression equations. These findings can be partially explained by 
the moderate correlation between height and age Cii>^l©s: r = -.192> 
p<.01; females: r = -.082; p<.01). These authors found that weight 
produced even less consistent correlations with driver problems > pre- 
sumably because weight correlated substantially with age only for 
females (males: r - .018> p^.05; females: r = .238> p<.01). Weight 
also producted a slight increase in concurrent prediction by multiple 
regression. 

Peck et al. (1971) also used height- to^weight ratio as a variable, 
to test the assumption that this combined measure might reflect an 
individual's socialization difficulties and/or anthropometic characteris 
tics. The measure produced low but often significant correlations with 
specific driver problems, similar to the correlation for height and 
weight separately. The combined measure was also related to age (males: 
r = .080, p<OS; females: r - .252, p^.OS). 

PSYCHOLOGICAL/SOCIAL/ATTITUDE VARIABLES 
/ 

At present, there is no attempt made at Level I sources to collect 
any psychological or attitude assessment variables. There is, however, 
one Level I source of information which appears indicative of social 
attitudes and values — motor vehicle registration files. Owning a motor 
vehicle is probably simply an indicator of greater amount of driving. 
For that reason, vehicle ownership will be discussed in the Exposure 
Variab les section . 

Other factors^ such as age, weight and model of vehicle, however, 
might relate to both social attitudes and values, as well as socio- 
economic status. Comparing type of car, body style, price range, 
weight/type, cubic inches and transmission, Harano et al. (1973) found 
none of these variables significantly discriminated between accident 
repeater and accident-free drivers. Since the cratiparison included all 
age ranges, the interaction (e.g., younger drivers) of these variables 
was not reported. Ingersoll et al. (1970) found that younger accident- 
involved drivers had a disproportinate number of older vehicles. This 
probably reflects lower socio-economic status for younger drivers < 

In using an elaborate coding system for vehicle type (e.g., 
weighted indices for price, style, performance) Marsh and Hubert (1974) 
did not find any of these measure to predict accident liability for a 
sample of negligent drivers. Significant correlations were found for 
age of vehicle with accidents; older vehicles (r = v03) , vehicle age 
over 5 years (r = .03). For convictions the correlations ranged from 
.04 to .06. 
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Correlations of this order of magnitude offer little promise for 
individual diagnostic assessment. However^ further research may indi- 
cate applicability to particular sub-populations. 

MEDICAL/PHYSIOLOGICAL VARIABLES 

Licensing agencies usuaHy xollect certain medical information on 
the driver. This might include visual and hearing abilities > as well 
as reports of mental and physical deficiencies. 

There are many alternative sources from which licensing agencies 
receive information on the medical conditions of drivei^s- Since these 
vary widely across jurisdictions^ some of the present mechanisms for the 
identification of drivers with medical impairments will be discussed 
here briefly. The remainder of this section willfthen review the re- 
search findings relating medical Impairments to driving behavior. 



Alternatives For Diagnosis 

Requiring Physicians to Report 

At present* relatively few states have laws which require doctors 
report patients who are diagnosed as having disorders affecting driving 
ability. The American Association of Motor Vehicle Administration (AAMVA) 
has conducted a survey of the licensing agencies in states with laws 
requiring physicians to report. They received responses from five states. 
In three states (California^ Connecticut and New Jersey)^ the responding 
department official felt that the reporting law was somewhat successful. 
In another state>the responding official described the percentage of re- 
porting as very poor.^ Xn the fifth state> the licensing agancy spokesman 
indicated the law was successful only in cases of epilepsy. However^ in 
California* only 45 percent of the reported epilepsy cases were found to 
have been reported by physicians (Erickson and Waller^ 1964). Thus* 
more extensive evaluations are needed to determine the administrative 
effectiveness of the laws. It would appear that reporting laws* while 
obviously not completely successful^ do identify more drivers than are 
identified singly by voluntary reporting. 

Traffic Laws Commentary (1972a) contains an analysis of some of the 
problems accon^janying the compulsory reporting law. One problem is the 
potential for damaging the physician-patient relationship. The increased 
highway accident risk of the driver with a disabling condition who is 
discouraged from seeking medical help because of the reporting law^ may 
outweigh any decrease in accident risk produced by the successful opera- 
tion of that law. The second major problem is physician non-compliance. 
The physician may not feel ethically justified in breaking the patient's 
confidence. He may not want to be responsible for a patient^s loss of 
license^ and he may fear liability. There is also potential for the 
discriminatory exercise of the reporting law. The more affluent patients 
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who have a close relationship with a private physician may be less 
affected by the reporting law than lower socio-economic status persons 
who must rely on clinics for medical attention* For reasons such as 
these> most states rely on other means to identify persons with health 
problems that may affect driving. 

Mandatory Disclosure by Applicant 

One such alternative is to require that any person with a report- 
able condition divulge that infoinnation on his license application. 
For example, the state of New Jersey has a disclosure requirement, and 
its evasion constitutes a misdemeanor- Similarly, in California, 
failure to report is grounds for suspension or revocation. The indi- 
vidual who is afraid of losing his license (or ignorant of his condition 
will not be identified under such laws. 

Diagnosis by Driver Licensing Examiners 

Another way to identify medically impaired persons is to train 
driver licensing examiners to recognize the symptoms of various medical 
problems. Guidelines have, in fact, been written for this purpose. It 
is unlikely that many health problems would be detected by these means, 
since only the most gross symptoms can be easily recognized in this 
situation. Additionally, many states do not require drivers to appear 
in person for license renewal- 

Reports From the Corranunity 

Additional identifying sources are reports from police officers, 
courts, family members, friends, governmental agencies, and employers 
who might be aware that an individual suffers from a disease that could 
affect driving performance. In fact, in some studies more medically 
restricted drivers are referred by their family than by their physicians 
Obviouslyi' it is difficailt to standardize this kind of diagnostic 
assessment. 



Licensing Agency Medical Examinations 

Yet another means for identifying medically handicapped drivers is 
to subject all licensed drivers to a medical examination. The State of 
Pennsylvania tried such a program for several years in the early l960*s. 
Two million drivers were examined, and 30,000 of those found medically 
unacceptable. An inspection of the past driving record of these drivers 
though, revealed that their accid^t rate had been about half that of 
all licensed drivers (Traffic Law Commentary, 1972b). It may be that 
these particular drivers had less exposure than the general population. 
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However, based on these results > the medical exam for diagnostic pur- 
poses would appear to be neither valid nor cost-effective. 



Medical Advisory Boards 

State medical advisory boards (MAB) associated with licensing 
agencies can be an auxiliary means for the identification of the 
medically-impaired driver. Most states have medical advisory boards 
which exercise one or both of two main functions; (1) advising the 
licensing agency on standards for licensing all drivers; and (2) advis-* 
ing the license examiner on the qualifications of particular drivers. 
Less than half of the state medical advisory boards are governed by 
laws specifying their function, and among these laws there is little 
uniformity (Traffic Laws Commentary, 1972b). 

In the absence of adequate data on the ability of medical factors 
to predict accident involvement, it is questionable that medical advisory 
boards can make reliable recommendations. Reese makes some cogent argu- 
ments against institutionalizing the MAB; '-"r^^^: 

''There is the danger that thfe licensing recomi^endations 
of medical boards may be accepted at face value and presumed 
to be based on reliable scientific knowledge. V/ill not 
administrators and judges hesitate to overrule the licensing 
recommendations o£ a board of medical "eJqperts?". . . IVho in 
government will protect the interests of the license applicant 
who is in the awkward position of having to attack "expert" 
recommendation?. . . Unless medical boards justify their 
opinions by articulating the criteria and standards on which 
these conclusions are based^ no effective attack can be 
made. . (Reese, 1971). 



Discussion 

There are obvious advantages and limitations to each of these 
data collection methods. Most are non-standardized and subject to many 
biases. Only conq)ulsory medical examinations will identify all cases 
of impairment. However, present evidence relating medical defxciencies 
to driving does not appear to justify the cost of this approach. Until 
this evidence is provided, the present methods of voluntary reporting 
from the community and mandatory disclosure by the applicant appear to 
be sufficient. The medical advisory board may be useful to advise the 
licensing agency on standards for all drivers, but may unduly penalize 
the individual driver by forcing him to refute '^expert** opinion. 
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Medical Impairments 



Licensing agencies have often assumed that individuals with 
certain health problems are not able to drive with as much skill and 
safety as the "average*' driver. Long before there were data to suggest 
that medically impaired drivers had worse records than other drivers, 
license applicants with diseases such as epilepsy, diabetes, heart 
disease^j and sometimes mental illness were given special scarutiny by 
licensing officials, and often barred from holding a license* It was 
not until the mid-1960's that there was any research done to investigate 
the comparative accident and violation rates of medically handicapped 
and unimpaired drivers* 

Little (1966), in The State of the Art of Traffic Safety > 
concluded that the knowledge relating medical impairments to accident 
losses was "poor". At the same time medical factors were rated as being 
of "minor" Importance to traffic accident loss reduction. Concerning 
the justification for regulating the medically- iii5)aired driver. Little 
states "the popular concern about the danger of such diseases, (heart 
disease, epilepsy, diabetes, etc.) to driving appears to be exagger- 
ated." Little eii5)hasized: 

"It is important to recognize that as with other 
characteristics which might be identified as a basis for 
restricting driving privileges any medical variable so 
chosen must be demonstrated to be highly correlated with 
accident risk ... As the evidence demonstrates,, no medical 
group having such greatly increased risk has been identified, 
with the possible exception of those sxiffering from 
alcoholism." (Little, 1966). 



Chronic Illness 

Malfetti (1963) reported that there was little evidence on the 
incidence of accidents specifically caused by diabetics, epileptics 
and those with cardiovascular lesions. Two years^ater, a major study 
relating chronic medical conditions to traffic safety was conducted by 
Waller (1965). Waller cou^jared the accident and violation rates of a 
sample of 2,700 persons with known chronic medical conditions to a 
randomly selected control group. He found that, as a grouqp, drivers 
with diabetes, epilepsy, cardiovascular disease, alcoholism, and mental 
illness averaged twice as many accidents per mile as the comparison 
group on an age-adjusted basis. This same grouqp of drivers also averaged 
a significantly higher rate of violations, but the difference was much 
less than that for the accident rate. Waller also found that the pri- 
mary medical condition was not the only human factor (or even the major 
human factor) associated with increased accident potential. Accident 
rates for those individuals with chronic medical conditions increased 
for those over 60 years old, those with a poor attitude towards maintain- 
ing their medical regimens, those with the more severe illnesses, and 
those with prior accidents related to their medical conditions. 
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Waller's results must be viewed cautiously for several reasons. 
His medical sample and comparison san^le were-not adequately matched, 
since they varied on age, sex, marital status, and socio-economic, stjltus. 
Waller himself emphasized that his study described the accident experi- 
ence of only those people with medical conditions known to the 
California Department of Motor Vehicles. This kind of sample selection 
bias has been a problem in almost all studies concerning medically im- 
paired drivers. 

In a later study, the Washington State Department of Motor Vehicles 
(Crancer and Mc>ftirray, 1967) examined the violation and accident experi- 
ences of Washington motorists whose driving privileges were restricted 
because o£ certain physical, medical or mental conditicms. Their results 
only partially support Waller's findings. Tliey found no statistical 
difference between the accident and violation rates of drivers with 
cardiovascular disease and the corresponding general population,4)f 
drivers. Curiously, they found that the accident rates for all these 
medically impaired males were significantly lower than the correspcmding 
rates for the average of Washington male drivers, while those o£ the 
medically impaired females were significantly higher than those for the 
total female population. They also found that females in the 36-50 
age group had an accident rate of over three times that of the males in 
the same age group with similar medical driving restrictions. Like 
Waller, Crancer and McMurray (1967) reported that drivers whose licenses 
were restricted because of diabetes, epilepsy, fainting, and other con- 
ditions did have higher accident rates (the magnitude of the difference 
in the accident rates was not as great as that reported by Waller) * 
However, the violation rates for these groups were not significantly 
different from those of the comparison group. 

In a subsequent study, Crancer and Quiring Cl968b) again obtained 
results at variance with the Waller findings. They looked at the driving 
records of a. group of hospitalized diabetics and cardiovascular patients, 
and compared them with the driving records of non-afflicted persons 
living in the same geographical area. While the diabetics had a statis- 
tically higher accident rate than the comparable population, the cardio- 
vascular group did not, but did have statistically higher violation 
rates. 

Pussled by the consistent failure of Washington drivers with 
cardiovascular disease to exhibit higher- than-normal accident rates, 
Crancer and 0*Neall (1969) again examined this group. By dividing the 
san^le by the type of heart disease, it was indeed found that drivers 
with arteriosclerotic and hypertensive heart disease had a significantly 
higher accident rate than the comparison population, although drivers 
with other kinds of heart disease, such as rheumatic, did not have 
higher accident rates. These results are closer to Waller's findings 
for his heart disease group. 

Flaws in methodology also hamper interpretation of the Washington 
studies. Control groups were not properly matched with experimental 
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groups on such iuiportant variables as exposure, nor can the Waller data 
be con^ared to that of Crancer and associates with any confidence since 
their populations and methodologies were obviously different. 

To further examine the relationship between chronic medical condi- 
tions and driving performance, Waller and Goo (1968) compared accident 
and violation rates as well as driving performance test scores for 
1,234 drivers with chronic medical conditions and 401 control drive'^iTHr 
Only minor differences in types of accidents and violations were obst;i*ved 
for each group. Interestingly^ drivers with psychosocial disorders 
showed almost no consistency between two successive performance test 
scores (test-retest) , whereas a moderate correlation (r = .21) between 
successive scores was noted for drivers with organic medical conditions 
or no known medical condition. 

Waller and Goo (1969) again studied the kinds of crashes and viola- 
tions attributed to medically impaired drivers known to the California 
Department of Motor Vehicles* All medical groups (epilepsy, cardio- 
vascular disease, diabetes, alcoholism, mental Illness, etc.) had 
greater proportions of crashes in which the subjects were believed to 
be completely at fault. There was an excess of single vehicle crashes, 
collisions with parked cars» and crashes in which the drivers were 
weaving, ran off the road, or were on the wrong side of the road. 
These findings suggest that at the time of these crashes the drivers 
had little or no steering control. The investigators then examined the 
kinds of crashes experienced by drivers with less severe Illnesses* 
These crashes were frequently described as caused by '^inattention or 
other poorly definable causes." Although these results suggest a connec- 
tion between certain medical impairments and safe driving, they cannot 
be regarded as evidence of a causal relationship between medical im- 
pairment and driving problems. Waller and Goo cite electrocardiographic 
telemetry studies of cardiovascular disease and driving by Hoffman (1966), 
which suggest: that **drivets with medical conditions may be relatively 
handicapped in coping with more complex driving tasks" (Waller and Goo^ 
1969)^ as evidence of a causal relationship. 

In a more recent study of medically restricted drivers in 
Oklahoma (Davis et al.^1973)^ drivers with diabetes, epilepsy and other 
neurological disorders again had significantly higher accident rates 
than controls, matched on age and sex. Drivers with cardiovascular 
impairments did not differ significantly from the rest of the driving 
population. Again there was no control for exposure. 

West et al. (1968) studied the extent of natural deaths at the 
wheel i Examinations were made of over a thousand California drivers 
who died shortly after their involvement in single vehicle crashes. 
These authors found that 15 percent of the accident victims died of 
natural causes; almost all of these died of heart disease. This study 
is unusual since there is generally no record made of recognized 
natural deaths in traffic accidents. 
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Baker and Spitz (1970) examined evidence of disease in fatally 
injured drivers from past studies and reported that natural causes 
have accounted for the deaths of some IS to 2S percent of the drivers 
who were at fault. The researchers point out that these collisions were 
usually minor. This is quite different than Waller's assertion that up 
to 2S percent o£ major highway crashes are linked to medically impaired 
drivers. To clarify the issue> Baker and Spitz looked at the autopsy 
reports on all drivers in the Baltimore area who died of injuries sus- 
tained in a motor vehicle accident during a four-year period* They 
found no correlation between driver responsibility for the crash> and 
autopsy evidence of disease or physical disability* Arteriosclerotic 
heart disease was discovered with similar frequency in drivers at fault 
and drivers not at fault. Even when the autopsy revealed severe heart 
disease, there was no conclusive evidence of a causal relationship 
between the illness and the crash. The authors conclude that the re* 
striction of driving privileges for elderly drivers > Uho frequently 
exhibit symptoms of arteriosclerosis > is not justified. 

Examining the relationship of general health to fatal accident 
involvement, Asher and Dodson (1970) obtained data from the Project 
TALENT data bank (collected on a S% sample of all U.S. high school stu* 
dentsl9 ) and isolated those students in one state who were subsequently 
fatally injured in traffic accidents. They found that those who were 
later to be killed had reported fewer allergies than their peers > but 
reported generally poorer health. It is possible that these findings 
might only be a indicator of lower socio-economic status. 

Statistics on the prevalence of the various medical conditions 
assumed to be related to safe driving have not been particularly help- 
ful for the prediction of high accident liability groups. Waller Cl973)> 
using estimates based on National Health Survey data> concludes that 
about IS percent of the driving population may possess a medical handi- 
cap which could affect driving ability (excluding drinking problems). 
But> as Baker and Spitz demonstrated, there is not necessarily a causal 
link between the presence of-^a disease > even in a severe form> and 
fatal accident involvement. However, Waller argues that even if 
relatively few medically impaired drivers have such severe conditions 
that they actually create a hazard Ci*e.> drivers who have seizures 
or other episodes of altered consciousness while behind the i^eel)> 



lack the extra capacity to respond effectively to demanding driving 
situations. This hypothesis has not been empirically tested. 



-"^^See Flanagan et al. (1964) 

20jftiitidisciplinary accident investigations performed by Indiana Univer- 
sity present preliminary evidence that medical and mental conditions 
(excluding alcohol) account for less than 6% of probable/definite acci* 
dent causes. (Institute for Research in Public Safety > 1973.) 



many drivers with health 
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Mental Illness 



Several studies have examined the accident and violation rates of 
those drivers known to have suffered from some form of mental illness* 
Waller's mental illness category of drivers had an accident rate of 
approximately twice that of the comparison group. Selzer and Payne (1962) 
reported that their sample (n = 60) of psychiatric inpatients with sui- 
cidal tendencies also had an accident rate two times greater than their 
control group. Crancer and Quiring Cl968a) examined the driving records 
of persons hospitalized for suicide gestures > and found the suicide group 
had a higher accident and violation rate than a comparison groixp from the 
same geographic area. The kinds of violations from this groxxp were pre- 
dominantly of a socially deviant nature such as drunken driving, reck- 
less driving, hit and run> negligent driving, etc. MacDonald (1964) 
found that the incidence of fatal accidents for drivers who had been 
patients at a psychiatric hospital was greater than 30 times the expected 
rate. He hypothesized that these were largely suicides* He siq>ported 
his point by citing a study in which the risk of suicide in former 
mental patients in the first six months after leaving the hospital was 
over 30 times greater than in the general population. 

Each of these studies suggest that information on mental illness 
should be an important consideration in driver licensing and control. 

Other Handicaps 

Traffic safety research has occassionally examined the driving 
records of drivers with orthopedic disabilities. These drivers are often 
noted in license files by special equipment license restrictions such as 
hand controls or steering knob attachments. 

McFarland et al. (1968) reported that prior to their study of the 
driving ability of the physically handicapped there was methodologically 
acceptable data concerning the accident and violation experiences of 
disabled drivers. Their investigation controlled for age> sex> and years 
of licensure in a group of disabled drivers said a non-disabled control 
group> although there was no control for exposure. They found that the 
disabled drivers had significantly lower accident and violation rates. 

Similar ly> Dreyer (1973) also compared driving records of physically 
handicapped drivers and a randomly selected non-disabled driver population* 
On accident criteria, he found no significant differences. ^However, he 
found that the handicapped drivers had significantly fewer convictions* 
Again> there were no controls for exposure. 

These studies each suggest that handicapped drivers are safer than 
the population norm> at least on an actuarial basis. It is possible that 
handicapped drivers conqjensate for their handicaps by safer driving, 
although it is equally possible that they merely drive less often than 
the non-disabled population. In either c^se> the variable ^'physically 
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handicapped*^ should be a useful predictor of lower accident liability, 
at least in the absence of accurate exposure data. 



Hearing Deficiencies 

The studies on the relationship between hearing deficiency and acci- 
dent involvement have produced very inconclxisive results. In one of the 
more extensive studies, Coppin and Peck (1964) found that deaf males had 
1.8 times as many accidents as all male drivers. Deaf and non-deaf 
females did not differ. Other researchers have obtained contradictory 
results. For example, Henderson and Burg (1973) reported an inverse 
relationship between magnitude of hearing loss and extent of accident 
involvement. 

As a predictor variable, for the general driving population, hearing 
deficiencies show limited potential. Harano et al. (1973), xising subjects* 
self-report on hearing deficiencies, found no differences between acci- 
dent repeaters and accident-free drivers (approximately 10% of the 
sanjple reported some hearing problem) . 

As pointed out by Henderson and Burg (1974), the ixse of hearing 
ability screening also cannot currently be jxistified,. since driving 
situations in which hearing ability is critical are extremely rare, and 
since ambient noise (e.g.> radio> tape players, road noise) can easily 
render normal drivers equally impaired. These authors conclude: 

Although there are undoubtedly instances in which good 
auditory capability provides a margin of safety perhaps 
denied an individual with impaired hearing, there is no 
analytical model available for systematically identifying 
these instances or evaluating their significance to driving 
safety^ On the basis of these considerations, it is con- 
cluded that there is no jxistif ication for the screening 
of auditory capability in driver license applicants.** 
(Henderson and Burg, 1974) 

Although not justified for screening purposes, hearing ability may 
potentially be a valid indicator of increased accident liability for 
certain sub -populations (e.g., totally deaf), as suggested by Coppin . 
and Peck (1964). Further research may also have additional xises> in- 
cluding suggestions for improvement and standardization of vehicle and 
highway design features, and possibly providing specialized driver 
training for those with auditory impairments 



Vision Testing 

All state driver licensing and control agencies currently require 
Some form of vision testing for new driver license applicants. Although 
it is apparent that some minimal level of visual ability is required for 
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safe driving, there is veiy little conclusive evidence to support any 
particular "minimal level", or even to make definitive statements of 
the relationship of visual ability and driving performance. 

Goldstein il964r) reviewed the research on vision and driving. He 
concluded that although numerous research studies have been conducted 
to identify the specific visual functicms which relate to driving 
ability, very few have produced more than slight correlations. Burg 
(1964) extended Goldstein*s review and concluded that . . at the 
present time there is no widely-recognized indication that vision is 
related to driving." The A. D. Little (1966) literature review con* 
eluded ". . . at the present time, valid information is not available 
cm relationships between various visual inqpairments and accidents." 

The apparent causes for the failure of most past efforts to uncover 
basic relationships between vision and driving performance have been 
summarized by Henderson and Burg (1972) : 

(1) Vision is cmly one of many factors that influence 
driving performance. 

(2) It is possible that drivers vary in the extent to which 
they utilize their visual capabilities in driving. 

(3} It is_possible that some individuals may compensate for 
their visual deficiencies, for example, by avoiding night 
driving. 

(4) Research subjects may represent a restriction in range 
in visual efficiency due to prior screening by licensing 
agencies. 

(5) The visual functions which have been investigated 

in driving studies i&ay not be the ones most critical 
for driving. 

(6) The reliability and validity of the vision tests and 
of the criterion may be low. 

(7) Many studies suffer from methodological shortcomings, 
for example, unrepresentative sampling of drivers. 

In recent years, research on vision and driving produced mor^ 
significant findings. A study by Burg (1964) found evidence suggesting 
tiiat dynamic visual acuity (the ability to clearly see objects that are 
in motion with respect to the subject) may be positively related to 
driving record. He acknowledged that his sample was too small (N 200) , 
and the statistical significance of his results too low, to permit firm 
conclusions. He recommended that his study be replicated with a larger 
sample and closer control over age and exposure variables. 
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Crancer and O'Neall (1969) administered a number of visual tests to 
accident and accident-free drivers C^^ = 285) between the ages of 50 and 
70, for whom visual impairment might be especially important. Their 
data suggest that drivers with worse driving records were more visually 
competent than the good drivers, on measures of static visual acuity, 
dynamic visual acuity, and glare vision. Henderson and Burg (1972) 
point out that these findings are highly questionable, because of the 
small sample size and the lack of adequate control for age and miles 
driven. 

More directly related to driver licensing, Schuster (1968) found 
visual restrictions, in combination with other predictors Cn™^ber of 
employers, number of non-driving accidents, prior violations and 
accidents, and amount of driving) to significantly predict accidents in 
a three-year follow-up (cross* validated r^ = .16). Drivers with more 
visual restrictions tended to have more accidents. 

The most rigorous investigation of the relationship between vision 
and driving performance to date is the recent study by Henderson and 
Burg (1974). Drawing upon the task analysis of driver behavior by 
McKnight (1970), and upon the relevant scientific literature on visions 
these researchers analyzed the visual (and auditory) requirements of 
the driving task. They then selected or created tests to measure a 
subject's capability to meet these requirements, and developed a proto- 
type vision testing device for this purpose. Their evaluation study 
consisted of administering the visual tests-* as well as a. questionnaire 
to collect biographical and driving exposure information, to a sainpie of 
voluntary license renewal applicants (N = 581) in the State of Califomi; 
Small samples of '^problem drivers," senior citizens, and high school 
staff members also were included. Accident information Cp^ior 3 years) 
was extracted from official records. Mileage-adjusted accident rates 
were then computed using mileage estimates obtained from the question- 
naires. 

Consistent with the earlier findings of Crancer and O'Neall, a 
majority of the significant correlations between vision test scores and 
driving record variables indicated that poor visual performance is 
associated with ^ood driving. However, these findings varied consider- 
ably by age groups. Most of the unexpected (wrong direction) correla- 
tions occurred only for the youngest drivers C^ges 16-24). For the 
older drivers (ages 50 +) , most correlations were in the expected 
direction. 

Since the objective of this study was to obtain information for 
operational use in screening license applicants, and since it would 
not be possible to exclude an applicant because of superior vision, 
Henderson and Burg devoted the bulk of their analyses to those variables 
which predicted in the "expected" direction within age groups. 

The significant correlations (with previous 3-year driving record) 
which were in the expected direction Ci*e., with good vision scores 
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being associated with good driving records) are presented in Table 1-22. 

. Hie vision test measures with *'e:q)ected*' correlations > as described 
by Henderson and Burg> included; 

• Central Angular Movement (CAM) — the speed with which an 
object must be moving in a lateral direction relative to 
the observer, to be detected. 

• Central Movement in Depth (CMD) — the ability to perceive 
rate-o£*closure on an object under restricted visibility 
conditions. 

• Detection, Acquisition and Interpretation (DAI) — the 
individual's overall ocular -motor control capability and> 
in part> peripheral vision. 

• Static Acuity - Normal Illumination CSA-Normj—the ability 
o£ the eye to resolve detail in a stationary object is 
measured by presenting to the subject a series o£ Landolt 
rings> calibrated in size to correspond, in terms o£ the 
angular subtense o£ the break in the circle, to the Snellen 
system o£ notation, e.g.> 20/20> 20/40> etc. 

• Peripheral Angular Movement C^AM) — the ability to use in£or- 
mation derived £rom the peripheral £ield o£ view without 
directin"^ £oveal vision on the object or event> using the 
movement tests (both angular and in-depth). 

• Field o£ View — a measure o£ £ield o£ view obtained by requir- 
ing the observer to £ixate a point straight ahead> and respond 
to a series o£ short-duration lights introduced at random 
locations in his peripheral £ield. 

Multiple regression analyses were also conducted to assess the contri- 
bution o£ the visual test scores alone> and in combination with bio- 
graphical variables > to predict driving record £or the di££erent age 
groups. Separate regression equations £or di££erent age groups {16^24, 
25-49> 50+) and total sample were computed. Among the visual measures. 
Central Angular Movement (CAM) appeared to be the best overall accident 
predictor. In most o£ these analyses, visual measures were found to be 
the strongest predictors o£ accidents, stronger than age> sex> or 
exposure. However, inferences as to the strength o£ visual measures 
relative to biographical factors should be somewhat tenqjered since 
(1) vision variables were pre-selected (those in a desired direction), 
and (2) homogeneous grouping (by age) restricted the range of age as 
well as other variables (e.g., annual mileage). Using the total sample 
for prediction resulted in biographical variables contributing the 
major share of variance for total accidents. However, using accident 
rate, a visual measure emerged as the most important predictor. Hiis 
result, again, should be interpreted with caution since complex 
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TABLE 1-22. SUMMARY OF CORRELATIONAL ANALYSIS RESULTS - SIGNIFICANT 
CORRELATIONS IN DESIRED DIRECTION ONLY 



Vision Test 


Number of Accidents \ 


Accident Rate 


All 

Ages 


16-24 


25-49 


! 

50+ ; 

i 


All 

Ages 


16-24 j 25-41) 


50+ 


; 1 

Field Extent [ 






1 




-.20 1 




' \ 

' DAI 40% Extent j 






1 
1 




. ! 


h u 


. SA - Normal Ilium* { 










- 


CAM - Total Correct 
Threshold 




-.16 




i -.06 




.07 


.34 




:] .15 

\ 


.23 [ ! .19 ■ 

I 1 : 


OfD - Total Correct 

Threshold Largo 


t 




: 1 ' i 

;i ! i ; -.13 : 


i 


1 ! 




PAM - Total Correct 


1 : ' ■ ' 

i-.i2 . 


* 

> 



Source: Henderson and Burg, 1974. 
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interactions are probably occurring. For example > mileage is correlated 
with age and age in turn is correlated with visic^i* Accident rate also 
contains an element of '^built-in** correlation, since mileage was used 
to calculate accident rate. 

Aside from the issue of relative strength of variables > the results 
were very useful for exploring potentially useful vision measures for 
different age groupings. A major finding was that the addition of 
vision variables significantly increases aocident prediction for drivers 
over age 50. As noted by the authors > the primary limitations of the 
study were the relatively small samples > and the lack of cross-valida- 
tion for **true prediction*^ As a result of the encouraging findings 
of this exploratory study> further refinement of the visual measures is* 
currently underway. 

Indiana University*s recent multi- disciplinary accident investiga- 
tion findings also suggest that the importance of vision for safe 
driving varies with age (Institute for Research in Public Safety> 1973). 
Their results indicate that '^Inattention'* and **Improper Lookout both 
of which involve vision> became increasingly more common causes of 
accidents among older drivers. Researchers at Indiana University* in 
an attempt to integrate visual testing and accident investigation data> 
are currently analyzing vision data for three sub-sairqples based on their 
accident investigations: (1) accident involved, not-at-fault; (2) acci- 
dent involved, at fault; and (S) drivers not involved in a previous 
12-month period. Preliminary results indicate that dynamic vision, 
simple and complex reaction time, central- angular movement, and 90** 
left and right field of vision discriminate among the groiips. 

Summarizing, it appears that the importance of visual ability for 
safe driving varies ' depending upon the age, sex, and driving experience 
of the driver. The study by Henderson and Burg provides the strongest 
evidence to date of a significant relationship between visual capability 
and accident rates. These authors are well aware of the limitations of 
their study and recommend that additional effort be expended in improv- 
ing the reliability and efficiency of their vision tests and in repli- 
eating the entire study with a larger random sample. 

A plan for the kind of replication suggested by Henderson and Burg 
has been developed by the Safety Management Institute (SMI) and the 
Department of Motor Vehicles, State of New York. The broad objectives 
of the study are: to collect highly reliable estiJnates of the relation- 
ship between vision tests and accident rates, and to further investigate 
the practical alternatives for driver licensing. Visual performance 
data will be obtained on large random samples of drivers to validate 
the measures on driving performance criteria. 
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The device^; proposed for the study, will provide measures of the 
following visual functions: 

(1) Perception of movement in depth; 

(2) Perception of angular movement; 

(3) Useful peripheral vision; 

(4) Saccadic pursuit and steady fixation; 
CS) Static acuity; and 

(6) Dynamic visual acuity* 

The proposed study appears to be well-conceived and hopefully v/ill 
provide some definitive data on the relationship between visual perform- 
ance capabilities and driving behavior. If successful, this information 
should have direct practical value in the screening of driver license 
applicants. 



Discussion of Medical/Physiological Variables 

Most research studies on medical and physiological factors > particu- 
larly those we discussed tinder chronic and mental illness > are character- 
ized by abnormally high accident rates for the impaired driving popula- 
tion. However, methodological deficiencies have often biased the results* 
Samples have usually been drawn from groups with Jknown medical in^air- 
ments. These drivers had already been classified by The licensing* 
authorities as candidates for medically restricted licenses. In a few 
studies > their illnesses were so severe that the subjects were hospitalized 
at the time. In order for a driver to be known to a state licensing 
agency as medically impaired, he must: C^3 report the condition himself; 
Cb) have been reported to the authorities by his physician, fajnily> 
friends, or employer; (c) have come to the attention of the authorities 
through a previous accident or violation, revealing the illness; or (d) 
have been detected by the license examiner. It seems safe to assume that 
the group of drivers known to the licensing agency would be weighted in 
the direction of increased severity of illness. 

There is only meager evidence directly linking medical factors to 
accident involvement. Waller (^965) reported that episodes of the 



■^The prototype vision device used by Henderson and Burg is currently 
being refined by Honeywell Corporation imder contract to the Department 
of Transportation, NHTSA (Mark 11 Integrated Vision Testing Service), 
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medical conditions contributed to l^ss than 20 percent o£ the accidents 
in which drivers with each diagnosis were Involved. More recently. 
Waller (1973) estimates between 15 and 25 percent o£ major highway crashe 
can be attributed to drivers with health problems other than drinking. 

Mental illnesses have generally been strongly associated with 
accident involvement. Other physical handicaps (amputees, etc.) are 
associated with safer driving. The findings concerning hearing de- 
ficiencies have been inconclusive, but suggest little relationship with 
driving, except for the most extreme cases. 

Vision testing also demonstrates only slight diagnostic potential. 
Poor vision seems to increase per-mile accident rates only for the older 
drivers. Since these individuals, drive very few miles, and thus consti- 
tute a relatively small proportion of the number of total accidents, any 
diagnosis of their problems can have only a very slight impact. 

In conclusion, the lack of predictive validity of medical assess- 
ment techniques at the present time should preclude expensive driver 
screening programs in the licensing setting, since there is only 
fragmentary knowledge of the potential benefit of these techniques. 
Until there as more objective statistical confirmation of the relation- 
ship of illness to accident causation, additions to current driver 
licensing procedures seem unwarranted. A possible exception might be 
a psychiatric examination of drivers with reported mental illness. 
Even this possibility will require further research to determine 
predictive validity. 

More than ten years ago Malfetti (1963) posed these questions: 
What is the risk of licensing a medically impaired driver? Should a 
person be prevented from driving because he might fail , when in his 
driving career, he might never fail? Today his words are still apt. 

**We should not abandon present standards until 
we find better ones, but we should devote a greater 
portion of our energies to seeking more valid standards 
than to supporting the application of standards of 
questionable validity more often and more vigorously." 

(Malfetti, 1963) 
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EXPOSURE VARIABLES 



Studies o£ accident prediction invariably point out the need to 
control for the degree to which an individual driver is exposed to the 
hazards o£ driving. Since this problem o£ controlling for ^'exposure to 
risk** can affect conclusions about all other aspects of diagnostic 
assessment, it is an issue which must be addressed by any attempt to 
evaluate accident liability. 

Statistical reports of driving behavior which are xmcontrolled for 
exposure can be very misleading. Such reports would, for instance, show 
that elderly drivers are extremely safe drivers. After controlling for 
exposure (elderly drivers average very few vehicle miles), on a per-raile 
basi5, they are relatively high accident risks. 22 Such data misinterpreta- 
tion must be avoided when data are used to identify problems or evaluate 
changes (Carroll, 1971) 

We shall use Carroll's (1971) proposed definition of exposure as 
*'the frei^uency of traffic events which create a risk of an accident*** 
This definition would encompass current measures of exposure, such as 
number of vehicle miles, bat allows for the increasingly apparent 
probability that some vehicle miles are more dangerous than others* 

There are several variables available from Level I sources which 
are at least indirectly related to driving exposure* For example, in 
states which employ classified licenses for different groups of drivers, 
the professional driver classes usually have much greater driving ex- 
posure than the general population, which at least partially accoxmts 
for these grogs' higher accident and conviction rates* Accidents and 
conviction expectancies also vary by location of residence, and by local 
traffic density (i*e*, nunber of motor vehicle registrations per mile of 
road), A number of other environmental factors such as enforcement and 
court procedures interact to produce differential conviction and accident 
rate^^ * 

Wiao variation on any of these factors would have important 



22 

See Harrington and McBride 0970) or Cerrelli (1972) for mileage* 
adjustments of elderly drivers. 

23 

There are, however, several uses for non-exposure-controlled data* 
Uncontrolled summary statistics reflect the total magnitude of the 
problem, which is useful for administrators, particularly for allo- 
cation of resources. Secondly, controlling only for number of dri- 
vers gives the degree of risk per driver, which is useful for ac- 
tuarial purposes* (An elderly driver may be a very, high per mile 
risk, yet a very low insurance risk if he drives few miles)* 
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injplications for individual driver assessment systems. For instance, 
diagnostic systems based on average group performance for a total state 
may not be appropriate for specific regions or locations within a state. 
Individuals with similar driving records but from two different regions 
may represent two entirely different profiles, if convictions are rare 
in one jurisdiction, and extremely frequent in another. Any biases pe- 
culiar to the variables used to assess the individual must be considered. 
In fact, there is some evidence to suggest that location of accident or 
conviction (as indirect measures of traffic density) and enforcement 
factors far outweigh individual characteristics as predictors of future 
performance. (See Williams, 1974), This section will discuss the rela- 
tive importance of these exposure variables in the driver assessment 
system. 

All of the exposure variables obtainable from Level I are indirect 
measures. That is, none directly assess the quantity or quality (degree 
of hazard) of miles driven by the individual. Most are group estimates 
or indicators. Others are merely statistical or research techniques 
which can minimize group exposure differences. 

VEHICLE MILEAGE AS EXPOSURE 

Mileage data provide only a gross estimate of the quantitative 
degree to which a driver is "at-risk". They do not reflect qualitative 
differences of risk, such as traffic density, frequency of road-design 
safety defects, or transitoiy hazardous conditions such as darkness or 
bad weather. Despite this lack of qualitative measurement, mileage data 
are useful measures of exposure-to-risk, as well as predictors of acci- 
dent risk. The most accurate individual mileage estimates must be ob- 
tained by direct measurement of the driver. These will be discussed in 
Chapter 3. 

For driver record level purposes, exposure could be approximated by 
gross statistical mileage estimates for classes of drivers. For example, 
a driver iinprovement assessor might consult a table of mileage estimates 
such as the one presented in Table l-2?5, from Burg (1967). These data 
show fairly dramatic mileage differences for age and sex groups of dri- 
vers. The predictive validity of such figures could be readily validated 
in an operational setting. 

CLASS OF LICENSE 

Many states have adopted various forms of classified drivers li- 
cense* which might specify the type of vehicle a driver may operate. 
Specialized testing procedures might be required for operation of a motor- 
cycle, commercial vehicle (levels often depending on size and weight), or 
emergency vehicle. While such license classes primarily reflect occupa- 
tional groups (e.g., truck drivers) and are therefore indicators of 
socio-economic status, they are also useful Level I exposure measures, 
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TABLE 1-23. SAMPLE MILEAGE BY AGE AMD SEX 



AGE 


SEX 


AVERAGE 
AMNUAL MILEAGE 


16-19 


M j 8681.0 
F j 5151.5 


■ 20-24 


M i 17305.5 

F \ 7272.5 

i 


[ 25-29 


F 


19632.7 
7301.5 

i 


30-34 


M 
F 


20809.9 
7571.7 


. 35-39 


M j 21087.3 
F 1 7217.5 


. • 40-44 


M 
F 


19965.2 
7695 . 2 


i 45-49 


M 
F 


19728.9 
7490.2 


L 

S 50-54 


M 
F 


17715.9, 
7593.7 


55-59 


M 
F 


16563.7 
6623.9 


i 60-64 


M 
F 


14057.7 
6623.8 


i 65-69 


M 
F 


10831.3 
5728.1 


1 

1 ■ 70-74 

1 


M 
F 


8523.9 
5809.9 


t 

i 75-79 

1 
1 

t 


M 
F 


6120.1 
4146.7 


! 

1 80+ over 


H 
F 


6485.2 
3850.0 


ALL 


M 
F 


17107.5 
7011 .2 


ALL 


Both 


13370.8 



Source: Burg (1967). 
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since they identify certain high mileage groups of drivers. 

Numerous studies show that professional drivers are usually over- 
represented in groups of habitual accident offenders < Goodson (1972) 
compared high-accident drivers with randomly selected controls, 3nd 
found that drivers with licenses designated "Public Passenger Chauffeur^'j 
a professional driver category, comprised only 1.8% of the control 
group, but 18.1% of the highest accident group C>^ 8 accidents in 5 years). 
These differences, of course, reflect socio-economic characteristics of 
the samples, as well as exposure differences. 

Nfany states now have a special license class for motorcycle opera- 
tors. Motorcycle drivers have consistently proven to have higher acci- 
dent and violation rates. The California Motorcycle Study (Harano and 
Peck, 1968) isolated motorcycle operators from vehicle registration files 
and foimd these drivers had almost twice as many accidents and convic- 
tions per year as did a general driver sample. After controlling for 
mileage as estimated by the driver, accident and conviction rates for 
the motorcycle drivers fell to about 5% higher than the general popula- 
tion. In addition, motorcycle accidents tended to be more severe, and 
more frequently fatal. These findings are partially a function of age, 
since motorcycle owners tended to be younger. The results may also re- 
flect psychological factors, such as attitudes toward '^risk-taking'' among 
younger drivers. Nevertheless, these results indicate that motorcycle 
ownership is a useful measure of accident liability, possibly a measure 
of exposure to risk. 



MOTOR VEHICLE OWNERSHIP 

Motor vehicle registration files are usually available in a driver 
licensing agency. Since drivers who own motor vehicles might be expected 
to drive more often than those who do not> motor vehicle ownership might 
be a useful predictor. 

Schuman et al. (1967) interviewed young drivers (ages 16-24) and 
found that these who reported owning their own car also reported a much 
higher accident rate. In a later study, Pelz and Schuman C1971b3 did not 
find car ownership to correlate for any sub-populations except older 
females. Interestingly, older females (35-44) who owned a car had fewer 
crashes* For young drivers, Harrington (1971) found that those with 
poorer records tended to have their own car at an earlier age, and more 
often had new cars. For males the correlations for violations and col- 
lisions with car ownership were .18 afid .08, and for females, ,09 for 
both violations and collisions. In a sub-analysis comparing accident-- 
free and accident-repeating males^ he found that accident repeaters had 
more "speed accessories" (r = .16) and "custom accessories" fr - .21) on 
the car. Ingersoll (1^70) also found tHat younger drivers involved in 
accidents tended to own older cars. 
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However> several factors may have been masked by these studies* 
Different sub -populations of young drivers may have increased accident 
liability for different reasons. Young school drop-outs may have in- 
creased exposure, if they are working, than do errrolled students. A 
sub -population of higher socio-economic status young drivers may have 
resources to purchase newer cars and accessories* Or the converse, lower 
socio-economic groups may place a high value on the ownership of a new 
car, and purchase one regardless of financial resources. Thus, further 
analysis is needed to more fully interpret these results. 

AREA OF RESIDENCE 

Other variables contained in a driver license file may be useful for 
predicting accidents and convictions. Area of residence (i»e,, county 
code or address) may reflect differential exposure resulting from en- 
vironmental conditions i enforcement policies, or traffic density* 

Several research studies have examined driving records by popula- 
tion of the driver's area of residence. McGuii:e (1969,1972) examined 
the driving histories of young enlisted airmen and found slightly sig- 
nificant correlations between the driver's estimate of the population of 
the area in which he had lived most of his life, and the number of acci- 
dents he reported. However, upon cross-validation, the correlation be- 
came non-significant. This finding may be explained by the fact that 
his subjects were currently living away from home, some for longer 
periods than others. 

Goodson (1972), studying recidivism among one. year, hi^-accident 
drivers, noted that "high-accident drivers are likely to be^ residents of 
large urban areas." One finding was that while 13.2% of the random con- 
trol group resided in Indianapolis, 29.1% of the highest (>^ 8 accidents 
in 5 years) accident group resided there. This study did not, however, 
apply any correlational or predictive statistical technique to determine 
the operational utility of residence as a predictor. In addition, this 
finding, when viewed in li^t of Goodson's other finding that high acci- 
dent drivers tend to have less severe accidents, may simply indicate that 
minor accidents are more frequently reported in large urban areas. None- 
theless, population of area of residence must be considered a potentially 
useful variable in the interpretation of accident data. 

Estimates of local traffic density mi^t be more related to driving 
performance. Peck, McBride S Coppin (1971) found that traffic density, 
as defined by the nunber of vehicle registrations divided by the number 
of linear miles in a county, was a useful predictor of accidents and con- 
victions for a random sample of state drivers* For males, three-year 
concurrent correlations for accidents and convictions were *09 and ,10 
respectively. For females, the correlations with accidents and con- 
victions were .08 and .09. All correlations were significant at the 
P < ,05. Non-concurrent one-year predictions were slightly lower, 
Harrington (1971) found similar results when correlating the same measures 
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with four-year accidents for young drivers. Traffic density correlated 
.10 and .07 for males and females. 

Similar to traffic density, local conviction and accident rates 
might reflect degree of hazard in the driving environment. In part> 
they are related to traffic density but also reflect enforcement poli- 
cies Cp^im^i^ily convictions 3 > environmental conditions > and level of 
reporting (both accidents and convictions). Harano (1974) reported that 
area conviction and collision rates for individuals in the study sig- 
nificantly predicted future collisions, but not convictions. However, 
the correlations were in an unexpected direction. Area conviction rates 
correlated negatively with total collisions C"*076)> and with injury, 
related collisions C"-10)< Area collision rate did not significantly 
correlate with total collisions, but did correlate with collisions re- 
ported to State Police (injury and fatal accidents) (--057). In con- 
trast, another follow^-up study of drivers who attended driver improve- 
ment meetings C^^^sh fj Hubert, 1974) found county of residence to pre- 
dict accident and convictions, but the relationships were small (l^^^s 
than .07). Harrington (1971) also found county of residence to be a signifi- 
cant predictor of accidents in a follow-up study of young drivers, but 
the relationships were also small. 

Finally, it should be noted that measurements of local conditions 
may reflect only socio-economic factors. However, the studies to date 
of driving record and local socio-economic level have produced very in- 
conclusive results. 

Levonian and Case (1961) found that students (mostly aged 15) from' 
higher socio-economic geographical areas were significantly more cautious 
(questionnaire variab le) . ITiese drivers also had about one-third as many 
penal code violations. Students from both areas had similar traffic vio- 
lation records, probably because most of these students had little dri- 
ving experience. 

Census data reflecting socio-economic levels were employed by Baker 
(1970) in a study of one city's fatal accident victims. Although the 
subjects from the highest socio-economic area had the lowest percent at- 
fault for their accident, most other results were less conclusive. The 
author notes that *'each census tract contains individuals of almost all 
economic levels; therefore, one cannot assume that drivers in the study 
who lived in the lowest-fifth tracts were necessarily among the lowest 
fifth of the city's population." Such socio-economic census data might 
prove more useful, however, when not limited to a single urban area. 

In summary, variables which describe local conditions in the dri- 
ver's area of residence appear to have some utility in driver assessment. 
Strongest relationships have been found with those variables which direct- 
ly relate to driving, such as local traffic density, and local accident 
and conviction rates. The non-traffic factors > local population, and 
local socio-economic level, appear less useful. 
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CONTROLLING EXPOSURE BY DATA REPORTING WITHIN GROUPS ONLY 



One statistical approach to exposure control which is frequently 
employed in traffic safety research is the technique of performing com- 
parisons within groups. For example, it is usually difficult to make 
meaningful comparisons between male and female driving records, since 
these groups are known to differ markedly on driving exposure. However, 
a within group comparison, such as Harrington's (1971) finding that 58% 
of male drivers were '^at fault^' in the accidents in which they were in- 
volved, compared to only 47% at fault for females, are less biased by 
exposure. 

It is important to note the assumptions on which this method is 
based. One is that the drivers within each group are relatively homo" 
geneous with respect to both amount of driving and frequency of hazards. 
This is not necessarily the case with either *Voung drivers'* or **male 
drivers*', since both age and sex strongly interact with exposure* 
Greater homogeneity of exposure might be found in "young male drivers," 
since reduction in exposure variance is generally proportional to speci- 
ficity of groups, A second and independent assumption is that the vari- 
able on which groups are compared is unrelated to exposure. Regardless 
of within-group variation on exposure, if the driver-problem variable 
(e.g,, culpability per accident) is correlated with exposure, then com* 
parisons by this variable will not be adequately exposure-^controlled. 
For example, since "number of speeding citations" is positively correlated 
with "amount of driving", group comparisons on percent of drivers with 
speeding citations are not valid reflections of each group's speeding 
rates* In many cases, however, this approach is useful for research pur- 
poses in reporting numerous types of qualitative accident and conviction 
differences where exposure data are not available. Baker (1970), 
Harrington (1971), and Perchonok (1972) have used it to assess such di- 
verse qualities as percent culpability, percent single vehicle, percent 
alcohol involvement, and percent of various violation types* 

ROADBLOCK CONTROL STUDIES 

Roadblock controls provide an accurate (although expensive) tech- 
nique of exposure control for research purposes. By using police road*- 
blocks, a variety of data can be collected on drivers who pass by the 
location where accidents have occurred, at the same times and days of 
the week at which the accidents happened. This method effectively creates 
an exposure-matched control group with which to compare the accident in- 
volved sample on driving records, biographical variables, BAC's, etc. 
The metJiiod has been employed by many other investigators with generally 
favoical'^i: results. 

At Jie present time, roadblock control groups are the best avail- 
able mei;ir> of exposure control for research purposes and traffic flow 
analysis* The method does not, of course, provide any individual ex- 
posure data for all drivers. However, group exposure estimates ob* 
tained in this manner could be employed in a licensing agency- 
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DISCUSSION 



Both accidents and convictions are, to a certain extent> functions 
of the amount and difficulty of the highway exposure which a driver en- 
counters* As amount of driving increases > so does the likelihood of dri- 
ver errors. Consequently > to evaluate driver performance at the in- 
dividual level, amount of exposure must be taken into account* 

None of the presently available Level I exposure techniques provide 
this accurate degree of information on an individual basis* Class o£ 
license and area of residence are potentially useful individual predic- 
tors* Some representative research findings are presented in Table 1-24* 
The group exposure control methods are useful for research and admi^iistra- 
tive purposes, but have limited use for individual measurement* The 
qualitative aspects of exposure are particularly poorly measured at Level 
I* The best Level I exposure variable is apparently class of license, 
which at least partially reflects both the quantitative and qualitative 
aspects of exposure (as well as reflecting social and occiJpational factors)* 

Some alternatives for ijmprovement of exposure measurement are dis- 
cussed in Chapter 3^ Hopefully, if the quality of exposure assessment 
can be improved, better measures of degree of risk-per-mi le can be in- 
cluded in the records of driver licensing agencies* 
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Table 1-24. Selected Studies Using Exposure as an 
Assessment Variable 
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Table 1-24. Selected Studies Using Exposure as an 
Assessment Variable (ContJ 
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SUMMARY OF CHAPTER 1 
DRIVER PERFORMANCE AND ABILITY 



Driver record performance measures include traffic convictions, 
accidents, knowledge and performance testing, and driver improvement 
actions. Numerous studies have consistently demonstrated that 
prior accidents and particularly convictions are useful predictors 
of accident liability. Although specific . types of convictions 
(a measure of particular driver errors) do not substantially 
increase prediction of accident liability, tKeise measures are use- 
ful for diagnosing particular problems, such as recognition, risk- 
taking or alcohol. 

Knowledge . and performance testing may be useful for screening 
drivers with extremely poor performance, but have yet' to demonstrate 
substantial predictive utility. Several metKoaological and practical 
issues (such as drivers eventually Become licensed after several 
attempts) have rendered research results inconclusive. 

Driver iinprovement actions and sanctions were fcamd to be of 
some utility for predicting future accident liability* Theise var- 
iables are primarily a ineasure of an individual's prior accidents 
and convictions, but also may reflect the effectiveness of treat- 
ment (e.g., attendance at a traffic school may reduce future liability). 
As more vigorous evaluations of treatment programs are conducted, 
past attendance at such a program should become an increasingly 
useful assessment variable. 



HUMAN CONDITIONS AND STATES 

Age, sex and marital status have consistently been shown to be 
strong predictors of accident liability. Although these biographical 
variables offer little to directly identify a driver^s problem, they 
are useful for administi;ative purposes to isolate high accident , 
liability classes of drivers.: For each of these groups, more refined 
assessment approaches (many found at Level III) can then provide 
insight into the specific problems which produce accident involvement* 
Other biographical variables, sometimes available From L&vel I 
sources, include the driver*s race, height, and weight. Coir^letion of 
a driver education course can also sometimes be determined. - None of 
these variables currently appear to-have diagnostic utility. Race 
and driver education, ■ in paarticular, are frequently related to 
socio-economic status, whidi can be more specifically asses^sed 
using variables foxand in Level III. 
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Specific psychological > social or attitude measures seldom 
appear in Level I sources* Vehicle descriptions (©*g*> weight, 
model > year) from registration files may reflect psychological 
factors, since certain individual characteristics may be associated 
with the ownership of particular types of automobiles (e,g.> high^ 
risk drivers may tend to purchase high performance vehicles) , 
The research evidence, however, demonstrates only a slight relation- 
ship between vehicle type and accident liability. In addition, it 
is possible that these slight relationships only reflect socio- 
economic status. 

Medical and physiological information .of ten has high face 
validity fpr diagnostic purposes, but research studies have seldom 
produced results to substantiate this assumption. The research area 
is complicated by ethical limitations on reporting (e.g., confiden- 
tiality), inability to obtain adequate exposure information, and 
possibly, the confounding influence of individual compensating 
factors. Research results do suggest, however , that extremely defi*- 
cimt drivers (mentally ill, chronically ill, and hearing or vision- 
impaired) have increased accident liability, although these sub- 
populations are very small in relation to the general population. 

Vision testing, especially with recent developments (increas^.ng 
the measuremeiit dimension?), appears to have potential for general 
diagnostic assessment, primarily for screening older drivers. How- 
ever, since older drivers are involved in relatively few accidents, 
the potential for reduction of the total accident problem by vision 
testing is slightr 

Diagnosis of extreme cases of mental illness may also hav^ some 
potential for accident reduction. However, as with other medical 
conditions, the population identified would be rather small. In 
addition, except for information received from other sources, the 
cost for extensive individual diagnosis in a licensing setting 
does not appear to be warranted. 

EXPOSURE VARIABLES 

Level I exposure information is also of little utility, since 
most is based on group rather than individual d^ta. The most useful 
variable appears to be class of licence, which can indicate excessive 
mileage among the professional driver groups- It may also merely 
reflect occupational and socio*economic factors. Ownership of a 
motor vehicle might also indicate higher mileage. Most of the, 
remaining variables are group estimates. 
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CONCLUSIONS 



Thus, all the Level I exposure variables appear more useful 
for research and administrative purposes than for individual diag- 
nostic assessment. 

The overall -accident liability prediction which can be obtained 
solely with Level I variables has been shown by Finkelstein § McGuire 
C1971) . Using the method of grouping data into cells prior to re- 
gression analysis Csee Freund, 1971) ^ which increases reliability of 
regression results for rare event criteria, these authors eii5)loyed 
driving record variables of 111,235 drivers, during a one-year period 
Cl367'> to predict subsequent cme-year accident liability C1968) . 
Table 1-25 presents the variables which they found to be signifi- 
cant. 

The multiple R of their regression model was found to be 0.31, 
predicting future accident liability. The authors conclude that 
this prediction is twice as accurate as California's present point 
system, and uses only variables which are currently available in the 
driver records. 

In relation to other sources of driver assessment variables, 
the driver record variblas are especially useful. Multiple regres- 
sion studies using data from all levels of observation (I, II, III) 
consistently demonstrate that Level I sources have the highest 
practical utility for predicting gross accident liability. However, 
these variables have limited potential for diagnosing the specific 
individual problems which lead to accident liability? The sources 
described in subsequent chapters will provide much of the detail 
necessary to make such assessments. 
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TABLE 1-25. SIGNIFICANT DRIVER RECORD PREDICTORS 
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Source: Finkelstein and McGuire (1971) 
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Chapter 2 

INF.JRMATION FROM SECONDARY SOURCES (OTHER AGENCIES) 



Level II data sources are defined as the records and files of any 
non-driver licensing agencies which collect information on individuals, 
either for administrative purposes or for diagnosis and treatment of a 
problem. The Level II sources v;hich are potentially useful for driver 
problem diagnosis may include agencies dealing with mental health, rehab- 
ilitation, alcoholism, or public health, educational institutions, and 
enforcement agencies* Many of these agencies have extremely detailed 
information on an individual or on incidents in which the individual has 
been involved. The utilization of information already available for 
problem driver assessment has strong appeal for practical and econoutic 
reasons. The use of data from existing agency records may reduce the 
expense of collecting additional data in another operating agency, and 
could eliminate overlapping or redxandant treatment. In addition, prob- 
lems detected and treated by one agency may reduce the potential for 
problems in other social areas. For example, an individual identified 
and treated for a drinking problem by an alcoholism treatment agency 
may require no further treatment in relation to motor vehicle operation* 
Coordination of treatment and knowledge of the problem by two independent 
agencies may improve the overall effect of each. 

In some cases this level of coordination among agencies has been 
achieved* In a few instances, reports to motor vehicle agencies are 
even required by law. (For example, physicians and health agencies in 
many states are required to submit a report to motor vehicle agencies 
whenever a condition is diagnosed which can adversely affect motor 
coordination, such as epilepsy*) However, the assumption that Level II 
data would be more difficult to obtain than Level I data, but less dif- 
ficult to obtain than Level III (direct assessment) has been found to 
be an oversin^lification of the current state of the art* With few 
exceptions, this conceptual organization represents an idealized view 
of sources of potential information since data, especially from Level II 
sources, may for several reasons be difficult to obtain* 

Foremost among the obstacles in utilization of information from 
other agencies is individual protection, including confidentiality of 
information, as well as the individual's right to privacy. Confidenti- 
ality is both an ethical and a practical issue* Many social agencies 
must be able to assure clients that data will not be distributed 
throughout other agencies, regardless of intent. The right to privacy 
is also becoming a legal issue. Several laws now specify the conditions 
under which certain data can be classified and stored for retrieval. In 
ah analysis of current data systems. Turn (1974) addressed several of 
the issues surrounding confidentiality of data and protection of 
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individual rights- Briefly, agency data can be classified by degree of 
"sensitivity," or> the extent to which the disclosure of information 
could adversely affect the individual. Table 2-1 provides an illustra- 
^tion of these sensitivity levels- Although laws differ widely among 
states> Turn (1974) concludes that: 

*'<-<in general patient-physician and client-lawyer communi-* 
cations are held imrnxme from subpoena. Other information that 
is granted statutory protection in various states includes drug ' 
abuse> alcoholism, and venereal disease records? information on 
victims of sex crimes; adoption proceedings > and illegitimacy 
records- " 

In the area of research, ethical issues and guidelines for research are 
provided by research associations Ce,g,> American Psychological 
Association), but there is no statutory protection for the individual, 
and "often the promises of confidentiality have no substance," CTum> 
1974)1 

In addition to the legal and ethical issues governing dissemination 
of personal information > driver research using Level II data has been 
hampered by the nature of the available data files- There is often a 
lack of standardization Ce*g,> incoTi5>atible data systems* methods of 
data collection > instiniments) - Files are also seldom -centralized, so 
that the records of many agencies must often be examined* Further, 
agencies Ce,g,> hospitals, other treatment agencies) are frequently 
unable to search their files to quickly locate the file of an individ- 
ual driver, . 

Finally, parallel social agencies may have widely differing goals, 
which may preclude their requesting or obtaining information. For 
example, the overlap in function among public health, mental health, 
social control (enforcement) , and driver control agencies is seldom 
realized. Any combination of these agencies might become involved iii a 
particular problem, yet cooperation, or even recognition of common prob- 
lems, is seldom realized except in cases of extreme emergency. 

For all of these reasons, research findings using Level II dat^ 
sources are very rare. Even in the few instances where information fomd 
at Level II has been utilized for research purposes, these data are 
generally used to isolate study populations, rather than to provide 
predictive variables- For example, saTi5>les of alcoholics are often 
identified from social agency records to allow comparison on various 
characteristics (e*g, , driving records) between alcoholic and control 



For a detailed discussion on classification of data systems and legal 
issues, see Turn, Privacy ajld Security in Personal Information Databank 
Systems, March, 197T! 
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TABLE 2-1. ILLUSTRATIVE SENSITIVITY SCALE FOR PERSONAL INFORMATION 
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DRIVER PERFORMANCE AND ABILITY 



The principal Level II sources of data on driver performance are 
insurance agency files and police accident and conviction reports. 
Insurance agencies collect accident information, but aside from reports 
of witnesses, their primary sources are police accident reports. Cost 
data from insurance reports should provide especially accurate estimates 
of the societal costs of accidents, but for research purposes, insurance 
reports are subject to several problems, such as lack of accessibility 
(many agencies maintain separate files), and legal issues (confidential- 
ity). Therefore, the following discussion will be directed toward data 
available from police agencies. 

ttfhile summary data on accidents and convictions are usually avail- 
able in individual driving records, more detailed descriptions can be 
found in the original accident and conviction reports, as completed by 
the investigating officer. Since these original reports are filed by 
enforcement agencies, and thus are often less easily available to the 
licensing agency, they are included here as Level II data. Citations 
issued for detected driving errors may be more useful than court 
abstracts (convictions) because they often contain more information 
(e*g*, speed deviation, BAC level) and are not subject to distortions 
in the judicial system (e.g., plea-bargaining). 

As mentioned in Chapter l^ the criterion measures usually employed 
in accident liability prediction seldom attempt to reflect the societal 
costs of the accidents involved. When a driver can be predicted to have 
an extremely high accident probability, then the likelihood of a multi- 
fatality vs* minor accident should determine the appropriate counter- 
measure. Total accident cost, rather than accident frequency, must be 
predicted. In addition, driving criterion measures for diagnostic 
assessment should reflect, as accurately as possible, the types of driv*- 
ing errors that occur, so that more appropriate countermeasures can be 
assigned. 

At present the best available source for accident severity data and 
driver error description is the police accident report* An example of 
information contained in accident reports is provided in Table 2-2* 
There are usually narrative descriptions and diagrams for further analy- 
sis accompanying the coded values on an accident report. 

Extensive efforts have been made to implement uniform reporting pro 
cedures throughout the states* Although some variation exists, there are 
several elements that are common to all states* Standardized collection 
reporting and storage requirements have been established by the u.S, 
Department of Transportation's Design Manual for State Traffic Records 
Systems: Standard Data Elements and Coding (1973) The full potential 
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TABLE 2-2. DATA ELEMENTS CONTAINED IN POLICE ACCIDENT REPORTS 



• LOCATION AND ACCIDENT DESCRIPTION 

State 

County 

Date 

Hour of D ay- 
Light Conditions 
Roadside Environment 
Accident Location and Number 

of Lanes 
Vehicles and Persons Involved 

in Accident 
Nuniber Injured 
Number Fatalities 
Vehicle Identification 
Highway Class 
Road Type 
Road Surface 
Traffic Controls 
Type of Vehicle 
Vehicle Make> Model> Year 
Vehicle Mileage 

Vehicle Damage (parts affected) 
Vehicle Damage (cost to repair) 



• DRIVER aiARACTERISTICS 

Age 
Sex 

License Classification 
Prior Training 
Years Experience 
Condition of Driver (physical > 
ment al > sobriety) 

• ENVIRONMENTAL EVENTS 

Obstructions 
Roadway Design 
Weather Conditions 
Signals Obscured 

• VEHICLE CONDITIONS^^For Example^^ 

Mechanical 
Brakes 

Wheel Troubles 
Tire filowouts 
Exhaust Troubles 



• PHASE OF OPERATIC»J"-For Example-^"Tuming> Changing Lanes> Parked or 

Stopped > Backing Up 



• UNSAFE ACTS BY DRIVER--For Example- 



-Failure to Observe Traffic Controls > 
Unsafe Tum> Excessive Speed> 
Unsafe Overtaking or Passing, 
Insufficient Attention 



• SPECIFIC REPORTED VIOLATION(S) 

• DESCRIPTION OF INJURIES 



Source: U^S. Department of Transportation (1973) 
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of accident reports as a source of data for research is just beginning 
to be realized* Indiana University is currently analyzing a combination 
of general accident reports and additional data obtained from multi- 
disciplinary accident investigation teams -^^ Analyses of these data are 
extremely useful for identifying accident causal factors, and addressing 
the relationship of the environment, the vehicle, and the man* How does 
the collection of such detailed information relate to individual diagnos- 
tic assessment? The results of such research help identify types of 
driver errors and relate these types of errors to individual driver char- 
acteristics* Not only does this research help place accident causal 
factors in perspective (e*g., environment, vehicle, or man) but they pro- 
vide direction for assessing priority areas for future individual assess" 
ment and treatment* The following discussion on performance measures 
will examine the results of research using primarily accident reports. 
The results will be related to the principal driving errors of alcohol, 
recognition and risk-taking. 



ALCOHOL-RELATED ERRORS 

From the secondary sources — police citations and accident reports — 
more specific infonnation concerning blood alcohol concentration (BAG) is 
usually available. Such data is occasionally, but not routinely, contain- 
ed in the individual driver's license file, especially in jurisdictions 
where license files are automated* Using BAG information, a much more 
accurate description can be made of the total alcohol problem, as well as 
the individual driver's alcohol problem, than would be possible if only 
Level I conviction data were used* 

The principal means by which individuals arrive at the treatment 
situation is the evidence of blood alcohol concentration* In fact, 49 
of the 50 states have currently adopted legislation which establishes a 
legal definition of intoxication (presumptive limit) based on BAG* Also, 
many jurisdictions in the United States include BAG*s as supplemental 
evidence of an alcohol-related problem in an eclectic d^pproach to post 
hoc diagnosis* Other measures include a review of driving records, and 
psychometric instruments* 

There are, however, methodological problems which cloud the issue 
of BAG diagnosis* The controversy surrounding BAG and the discrepancies 
found between breath and blood analyses of BAG's are well described in 
a comprehensive summary of chemical testing by Mason and Dubowski (1974)* 
These researchers have determined that, given current technological ex- 
pertise, better and more reliable analyses are feasible* Improvements 
both in testing methodology and statutory definitions of levels of 
impairment should be forthcoming. They conclude that a BAG of 0.10% 



2a 

Institute for Research in Public .Safety, 1973* 



2-7 



142 



W/V is an acceptable "universal limit'' for impairments^ Hurst (1974) 
reported anomalies regarding BAC> which include the involvement o£ 
drivers in certain kinds o£ violations and crashes but not in others > 
and the consistent decrease in relative crash probability at higher BAC's 
by previous drinking experience. There is also misunderstanding concern- 
ing the "problem drinker/' Many research studies have been based on such 
assumptions as; 

''In order to deal effectively with drinking drivers convicted 
of Driving While Intoxicated (DWI) or related offenses > it has 
been clearly recognized that it is necessary to differentiate 
between problem drinkers and social drinkers in a court setting.** 
(Filklns et al.> 1973) 

However> the current literature on BAG studies suggests that such a distin 
tion is not necessarily appropriate. The more relevant variables appear 
to be amount and frequency of alcohol consumption > and amount of previous 
experience with alcoliol. Tliese distinctions will be discussed further in 
the Medical section of this chapter. 

Driver problems associated with alcohol have represented a prime 
target for research, as well as a continuing controversy among special- 
ists. Some researchers believe that removing a few drivers from the high- 
ways will greatly I'eauce the incidence of fatal and non-^fatal crashes, 
especially alcohol-involved incidents. Other investigators recognize 
that one can affect only a small proportion of the driving population 
with currently popular post-arrest diagnosis and treatment technicpies. 
The following pages will discuss these and other issues as they can be 
measured by BAG data* 

Alcohol In the General Driving Population 

Gontrolled research provides estimates of the distribution of blood 
alcohol concentration in the general driving population, i.e.> drivers 
using the road but not involved in crashes* (See Figure 2-1.) In the 
four studies illustrated here> it is shown that 75*92% of drivers on the 
roads> measured at times and places of fatal and non-fatal crashes > did 
not have BAG*s to any measurable degree. (Borkenstein et al. > 1964; 



However, other researchers disagree. The General Motors Gorporation> 
attempting to develop an ignition interlock system> concluded that BAG 
was an unreliable indicator of fitness to drive. Their research staff 
(Jones and Tennant> 1973) determined that though the interlock system is 
capable of discriminating between sober and intoxicated individuals > 
the debilitating effects are not large enough to eliminate more than 50% 
of the drivers at BAG's of 0.10% without eliminating also a large number 
of sober drivers. The main implication of these results is that a 
'^Universal threshold" approach is not feasible. 

2'^ 
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DOT Alcohoi and Highway Safety Report to the Con9ress, 1968 
(Chapter 2 Figure 11 



Figure 2-1 
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Holcomb, 1938; Lucas et al., 1955; McCarroll and Haddon, 19623 In a 
more recent review of studies involving roadside surveys of drinking 
drivers, 12-14% of the drivers in the United States had some detect- 
able BAC level CStroh, 19723 - 



Alcohol in Fatal Accidents 

Research results also demonstrate the high association of highway 
fatalities with alcohol (Figure 2-23. Very high and extremely high blood 
alcohol concentrations CO*lO% and above] were found in 45% of the drivers 
fatally injured in crashes involving more than one vehicle but in which 
no other vehicle or driver was believed to have been responsible 
(Nielson, 1965, 19673- Several studies have shown alcohol involvement in 
more than 50% of fatal crashes (Table 2-33* percentage of alcohol 

involvement is even more dramatic in fatal, single vehicle accidents, 
where over 70% of the fatalities involve alcohol. (See Table 2-40 

The most plausible explanation for the higher alcohol involvement 
in* fatal, single- vehicle accidents is that more of these drivers are 
likely to have been at fault than those fatally injured in ntultivehicle 
crashes. Multivehicle accident driver fatalities (Table 2-33 include 
drivers who were not at fault in their accident (and they are much less 
likely to have been drinking) . The facts may very well show that alcohol 
is a contributing factor in over 70% of all highway fatalities. 

It should be emphasized that the association of alcohol with acci- 
dents does not constitute causality. Alcohol can be described as a 
* ^contributing*' factor just as errors in observing, lack of basic skills, 
or environmental and vehicular factors might be described as contributing 
factors. Nfast accidents occur in association with a number of factors, 
each playing a contributing role. 

At this time, most researchers conclude that alcohol impairs general 
driving skills and enhances the effects of other accident -associated 
factors. For example, young drivers are highly over-represented in 
alcohol-involved fatalities (almost twice as many as should be expect ed) . 
At the same time, the average BAC of young driver fatalities is found to 
be lower than that of an older age group. This would suggest that it is 
in combination with excessive speed (a predilection of this age group 
associated with greater accident severity), that alcohol usage, even in 
low amounts, results in fatalities among young drivers. 

Studies of pedestrian fatalities show a similar degree of alcohol 
involvement. Between 47 and 74% of the pedestrians killed showed at 
least some detectable blood alcohol concentration* 
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Table 2-3* 


Alcohol Petection in 




Fatal Accidents 




% of Fatally Injured Drivers With 


Name of Study 


Detectable Alcohol 


Neilscn 


55.0 


Freimuth 


64.4 


New Jersey 


57.0 



Source: Arthur D. Little. Inc.^ 1966, 



Table 2-4. Alcohol Detection in 

Single Vehicle Fatal Accidents 





% of Fatally Injured Driven With 


Name of Study 


DetBCtable Alcohol 


McCarrcl 


70.8 


Haddan 


73.5 


Birrell 


83 J) 



Sourco: Arthur D. Little. Inc.. 1966. 
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Alcohol in Non-Fatal Crashes 



Alcohol involvement in non-fatal crashes is especially difficult to 
assess, because of incomplete reporting of accidents and lack of BAG data 
from drivers not suspected of alcohol consumption. Those studies that 
have been done report high blood alcohol concentrations in 5-10% of drivers 
involved in minor crashes and in 10-35% of those involved in serious injury 
crashes* 



Alcohol and Driver Performance 

It is generally believed that the ingestion of varying amounts of 
alcohol will, given individual differences, have an adverse effect upon 
the psychological and physiological functioning of the driver. In 1972, 
NHTSA convened a symposium to review the state-of-the-art in driver- 
related alcohol research. Several researchers reported on the available 
knowledge that pertains to the influence of alcohol on driver behavior. 

Pexrine (1974) reported to the symposium the findings of his criti- 
cal review of laboratory studies of neurophysiological, neuromuscular, 
and sensory activity. He maintains that a neurophysio logical model is 
required which incorporates two interrelated issues; (a) the actual site 
of alcohol effects in the nervous system, and (b) the apparent biphasic 
effects of alcohol. Describing the subsequent areas of his report, 
Perrine writes; 

"Neuromuscular aspects: Standing steadiness is a sensitive 
behavioral indicator of alcohol intoxication, but its validity 
for driving impairment is not yet conclusively established at 
blood alcohol concentrations CBAC*3) from .08% to .15%. 

"Sensory activity; Six reviewed aspects of vision are 
arranged in order of decreasing susceptibility to low and 
medium BAC*s; (a) dynamic visual acuity; (b) adaptation and 
brightness sensitivity; (c) critical flicker fusion; (d) static 
visual accuity; (e) glare resistance and recovery; and (f) visual 
field. Only the first three aspects showed significant impair- 
ment at medium BAC*s.** (Perrine, 1974) 



Perxine is not able to "unequivocally** answer his principal quest- 
ion; "Do alcohol influences upon performance in laboratory tasks have 
any valid transfer to real world driving behavior?", since validity of 
laboratory research has not been adequately demonstrated. 

Moskowitz (1974) reported on the influence of alcohol upon sensory 
motor function, visual perception, and attention; 
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^'Laboratory studies of alcohol influences on three essen- 
tial driver performance areas were reviewed: vision> tracking,, 
and division of attention. When examined by isolating a spec- 
ific function, most visual and tracking studies failed to find 
an appreciable decrement due to alcohol. However, when these 
same visual or tracking functions were a component task within 
a more complex requirement for joint performance of several 
functions, large performance decrements occurred at low.4ylood 
alcohol concentrations. It was concluded that alcohol affects 
the ability to pi^Dcess appreciable quantities of information ^"^^"^ 
when these arrive from more than one source simultaneously, 
as is typical of the requirements for driving* The conclusion 
was supported by additional evidence demonstrating alcohol- 
induced performance decrement of division of attention tasks 
and of tasks requiring rapid processing of information. Drug- 
dose studies demonstrated sigiiificant impairment of division 
of attention tasks by ,02% BAG, with nearly all subjects ex- 
hibiting effects by .08%J* (Moskowitz, 1974) 

Barry, after an in-depth review of relevant literature reported to 
the symposium on the motivational cognitive effects of alcohol. He con 
eluded that the primary psychophysical effects of alcohol — depression 
and disinhibition — are significant in alcohol-related accidents. 

"The contrasting depressant and disinhibitory effects of 
alcohol both can cause highway accideilts^ The depressant 
effect involves the motivational components of sedation and 
self-destructiveness and the cognitive components of memory 
loss and learning deficit. These give rise to inattention 
or fatigue; typical consequences are driving- off the road or 
into an obstacle during routine driving, and insufficient 
response to an emergency. The disinhibitory effect involves 
the motivational components of decreased fear and increased 
assertiveness and the cognitive components of impairment of 
self-criticism and dissociation fiTDm sober habits* These give 
rise to risk-taking or disorganization; typical consequences 
are speeding or risky maneuvers during routine driving, and 
loss of contirol in an emergency. Although each motivational 
and cognitive component can be isolated conceptually and to 
some degree in laboratory research, several components are 
involved together in most highway accidents.** (Barry, 1974) 

Huntley (1974) concluded the ^'Alcohol Influences*' portion of the 
symposium with a discussion of closed-course driving performance. 
He reaffirmed the contention that studies, i^hether merely illustrative 
or enqpirically rigorous, have shown alcohol to have an effect iqpon 
driving performance. He is careful, however, to qualify his remarks: 
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''Alcohol has been shown to alter driving behavior in 
almost all studies. It increases steering-^ response rates > 
velocity variation, and the frequency of procedural errors; 
and decreases driving smoothness > stopping efficiency, corner- 
ing ability, and the extent of the visual field explored by 
the driver* The data indicate a high probability of impair- 
ment at bag's between SO and 7Smg%* However, it cannot be 
assumed that all drivers are always impaired at these concen- 
trations, for even BAC's as high as 130mg% are not sufficient 
to impair performance in all instances. The magnitude of 
alcohol effects is modified by driving task, and sleep dep- 
rivation » Such interactions illustrate the complicated nature 
of the alcohol performance relationship and indicate the im- 
portance of research on the effects of alcohol when combined 
with other driving- re lev ant variables/* (Huntley, 1974) 

This impairment of driver performance has also been shown in re- 
search studies using driving simulators » The relationship between aver- 
age driving performance and blood alcohol concentration as demonstrated 
in simulated driving situations is shown in Figure 2-3 (Loomis and West, 
1958) . 

Alcohol and Relative Crash Probability 

The relative probability of a crash at various blood alcohol con- 
centrations has been determined from several controlled case studies. 
Figure 2-4 shows that drivers with a high or extremely high BAG (0.10- 
0*15% or higher) are much more likely to become involved in a serious 
crash than drivers who have not been drinking* Researchers estimate 
that drivers with a BAG of 0*10% are 6-7 times more likely to have an 
accident, and drivers with a BAG of 0*15% or greater are 25 times more 
likely to have an accident than drivers who have not been drinking* 
Evidence indicates that the likelihood of a crash involving alcohol 
begins when a driver reaches a BAG of 0*05%, and rapidly becomes pro- 
gressively greater as the BAG increases* 

The relative probability of a driver being responsible for a fatal 
crash as a function of his BAG is shown in Figure 2-5 (Perrine 1971)* * 
This crash-probability curve of drivers responsible for crashes is very 
similar to the curve for single -vehicle accidents presented in Figure 
2-4, thus underscoring the high degree of alcohol involvement in single 
vehicle fatalities. 

Discussion 

Legally, there appear to be few constraints on the use of BAG in 
drinking diagnosis* The U.S. Supreme Court (Schmerber vs* Galifomia, 
1966) has ruled that even non-concensual blood tests do not constitute 
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invasion of privacy in cases involving suspicion of drunken driving. 
(See Little et al*, 1974i) BAG level is especially useful both to 
reliably quantify the degree of intoxication and to provide credible 
court evidence. 

For diagnostic assessment^ there is a major advantage to using BAG 
level as reposed on a citation or accident report, rather than using the 
more widely available variables such as DWI convictions. All driving- 
related alcohol canvictions are subject to nxBuerous biases within the 
socio-legal driver control system. Because driver licensing agencies 
generally impose severe and mandatory sanctions, the courts are often 
reluctant to convict for DWI citations. These citations are also fre- 
quently reduced to lesser charges such as reckless driving or speeding. 
In addition, enforcement personnel are reluctant to cite drivers for 
DWI since convictions are difficult to obtain and often require court 
appearances by the officer who issued the citation. Thus, since cita- 
tions do not routinely result in recorded convictions, the reported BAG 
of the driver is generally a much more reliable predictor* 

Recent legislative developments have tended to remove the so-called 
alcohol abuser from the criminal category, placing him instead in the 
mental health treatment situation. With the increased provision for 
treatment alternatives, there has been an increase in reported alcohol- 
related citations and convictions. NHTSA-sxipported Alcohol Safety Action 
Programs (ASAP) have done much to communicate treatment alternatives to 
the courts and coordinate activities among the courts and the licensing 
and treatment agencies. 

RISK-TAKING ERRORS 

The relatiG::ship between speed and types of accidents has been un- 
clear in the past. An early study by the Pennsylvania Turnpike Joint 
Safety Research Group (Blotzer et al., 1954) showed that different types 
of accidents seem to be significantly associated with different speed 
ranges. -Accidents involving illegal and unsafe actions, or failure to - 
cope with road conditions, occur primarily in the lower speed ranges, 
while accidents associated with intoxication, sleeping at the wheel, or 
failure to avoid objects in the road occur more often in the higher 
speed ranges. 

Numerous studies have shown that increasing speeds of accident- 
involved vehicles result in increasing accident severity, in terms of 
both injuries. and fatalities. (See, for example, Solomon, 1964;. State . 
of Galifomia, 1966; and Gomell Aeronautical Laboratory, 1968*1 
This effect is especially pronounced in the accidents involving very 
high speeds (70+ MPH), where chances for escape from injury, or even 
for survival, are markedly reduced. 
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This relationship between speeding and increased accident severity 
has long beep* knovm, but there has historically been little evidence of 
a relationship between speeding and accident probability. A 
Department of Transportation (1969) report, "Maximum Safe Speed for 
Motor Vehicles," found little conclusive evidence to support a relation* 
ship between maximijm state legal* speed limits and state highway, fatality 
rates. A more recent study by Research Triangle Institute (1970) con- 
ducted detailed accident investigations (questioning driver, passengers, 
witnesses, and examining physical evidence) to. determine a best estimate 
of Vehicle speed prior to an accident. Using a computer-sensor .system to 
monitor speeds at eigjit highway locations, highly accurate exposure con- 
trols were obtained. Their major finding concerning accident probability 
and speed was an abrupt increase in accident rate whenever the vehicle 
speed deviated by IS miles per hour (plus or minus) from the mean speed 
of all vehicles using the roadway. (See Figure 2-6.) Within the ± IS MPH 
range accident likelihood appeared almost constant. The implication is 
that descriptive information about speeding, such as actual speed, devi- 
ation from mean, or deviation from speed limit would be more useful as a 
predictor of accident probability than simple measures such as number of 
speeding citations. The descriptive measures might also be more closely 
related to accident severity. 



RECOGNITION ERRORS 

Accident reports also provide data on the relationship of recogni- 
tion errors to both accident causation and severity, Indiana University*s 
Institute for Research in Public Safety (1973) has conducted a multi-level 
accident investigation study which addressed these issues. The multi- 
disciplinary accident investigation teams found recognition errors to be 
definite causes in 36.0 - 49,2% of all accidents (depending on the phase 
of the study and the level of investigation). Among recognition types of 
errors, 18-20% were categorized as due to inattention and 19-2S% due to 
improper lookout (e,g,, intersections, rear-end collisions). False 
assumption (assuming that another driver was going to stop or turn, etc) 
was implicated in 9-17% of the recognition-related accidents investigated. 
Concerning accident severity, 69,4 - 77.9% of the accidents described as 
caused by recognition errors were found to be property damage only, while 
only 66.3% of all accidents were property damage only. Thus, recognition 
errors appear to be inversely related to accident severity. From these 
results, it is clear that recognition errors account for a large percent- 
age of the highway safety problem, although many of these accidents are 
minor. 



SUMMARY 

Using police accident and conviction reports as Level II data sources, 
the specific kinds of driving errors can be more precisely identified than 
by siraply using the summary information generally found in driver license 
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FIGURE 2-6, SPEED DISTRIBUTION AND LIKELIHOOD OF ACCIDENT 
INVOLVEMENT AS A FUNCTION OF SPEED DEVIATION 
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files. With the exception of BAG, measurement, these data are currently 
most useful for research purposes. This research should eventually pro- 
vide clarification of specific driver problems to be assessed. 

BAC measurement, however, is cxirrently a useful operational techni- 
que. For predictive diagnostic assessment, the use of BAC data from the 
original citation of the arresting officer can. be regarded as much -more 
reliable than alcohol -related conviction data, since it is not subject 
to biases within the judicial system. 
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HUMAN CONDITIONS AND STATES 



BIOGRAPHICAL VARIABLES 

Many o£ the biographical variables found to have significant cor- 
relation with accident frequency, particularly those which seem to be 
related to socio-econoinic level, can potentially be obtained from Level 
II sources. These variables include employment history, type of occu- 
pation, amount of education, etc., which should be available from employ- 
ers and educational institutions. In practice, however, such data are 
difficult to obtain. It is seldom possible to search records of employ- 
ers, or educational institutions, to locate the records of a particular 
individual* In addition, the educational records are subject to the 
recent Right to Privacy Act, Consequently, very little research has 
been conducted using Level II biographical data as predictors. The area 
represents a large gap in driver diagnostic research which may never be 
fully examined except in those rare cases where centralized and access- 
able records exist. One such possibility was explored by Crancer et 
al, C196Sa)^. ^^ho demonstrated some potential utility for credit rating as 
a predictor of accident liability • Other possibilities might include tax 
records, welfare records, or social security records, but these are again 
subject to ethical, legal, and privacy restrictions. 

In summary, the area of Level II biographical assessment appears 
poorly suited for use in driver diagnosis at this time. Fortunately, as 
will be seen later in this report, most of the useful data which could 
be collected here can be assessed using Level III techniques, 

PSYCHOLOGICAL, SOCIAL, AND ATTITUDE VARIABLES 
General Discussion 

Level II psychological and attitude information, similar to bio- 
graphical information, is a potentially useful area of assessment that 
has not been fully explored. Apparently, privacy requirements and lack 
of centralized records have almost completely curtailed research. As 
will be discussed in Chapter 3, various types of life stresses have 
been found to be related to accidents, particularly alcohol-involved 
accidents. These family, personal, marital, and occupational problems 
might also be reflected in data from mental health agencies, civil 
courts, divorce courts, or unemployment offices. As in other Level II 
areas of assessment, there are many obstacles to overcome before these 
areas become operationally useful. However, the psycho logical/ attitude 
area appears to be especially promising. For instance, a driver's 
probability of being involved in an alcohol-related accident sharply 
increases immediately following a divorce,. An operational system could 
require that mandatory reports of all divorces granted be sent from the 
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courts to the licensing agency. An effective and timely count ermeasure 
might then have a substantial impact on the alcohol traffic safety prob- 
lem. Possibilities such as this suggest that all potential Level II 
data sources should be examined carefully, ^ 

Criminal History 

There is one Level II psychological data source which has been com- 
monly used in driver research — criminal conviction records. These could 
also be considered biographical data, but are included here since they 
reflect social attitudes as well. These data are relatively free of the 
limitations placed on other Level II data sources. Criminal data are 
usually collected and stored by one centralized state agency. They are 
generally stored so that a rapid search can be made for an individual's 
record, and they are also free of most privacy limitations, resulting in 
widespread distribution, at least among government agencies, 

A history of criminal convictions has often been found to be relat- 
ed to traffic accident probability, Kraus et al, (1970) compared acci- 
dent and control young driver samples, matched on age, sex, and popula- 
tion of area of residence. They reported a strong significant increase 
in history of non- traffic -related criminal offenses among the accident 
group. They found that a much larger percent of their accident grotqp 
(14%) than their control group (2%) had been charged with a criminal of- 
fense (excluding those related to driving). In Harrington's |1971) 
study of young drivers, those drivers who reported having trouble with 
the police before age 20 tend to have more accidents (r = ,14). Similar- 
ly, Carlson and Klein (1970) also report that aanong college students the 
incidence of traffic convictions is rf :ed to the incidence of non- 
vehicular offenses. In the one year follow-up study of negligent oper- 
ators, Harano (1974) found very few significant correlations between 
prior criminal record and negligent driver recidivism. Both drug*related 
arrests (r = ,07) and, as one would expect, motor vehicle arrests 
(r " ,08) correlated with subsequent traffic convictions. The only sig- 
nificant predictor of collisions was prior burglary and robbery convic- 
tions (r = ,09) , 

Some interesting additional findings have been provided by Harano 
et al, (1973), These authors obtained arrest sheets from the California 
Bureau of Criminal Investigation and correlated the data with membership 
in accident -repeater and accident-free driver groups. The total number 
of incidents (excluding motor vehicle incidents) correlated ,13 with 
group membership and ,27 with traffic convictions. Age at time of first 
incident was not significant. Recency (months since last incident) was 
highly significant, but in an unexpected direction. Accident repeaters 
had fewer recent incidents than accident*free drivers (r ,21). These 
authors also found that accident-free subjects tended to apply for more 
gun permits than accident repeaters, which may be an occupational vari- 
able (protectives, policemen, etc*) , 
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In conclusion, criminal arrest or conviction data is one of the few 
relatively accessible Level II psychological data sources. Generally, it 
is centrally located, easily searched, and relatively free of privacy con- 
straints • Criminal data also appear to be useful predictors of driving 
record (perhaps related to the measures of social deviancy to be discuss* 
ed in Chapter 3), although further research is needed on the various 
qualitative aspects of these data- 

MEDICAL/PHYSIOLOGICAL VARIABLES 

Level II medical variables are also quite limited, since most are 
protected by the confidentiality of the physician-patient relationship. 
Consequently, very little traffic safety-related research has been con- 
ducted using these sources, with the exceptions of alcoholism and drug 
usage. 

Al cohol i sm 

Since alcohol involvement was first identified as a major factor in 
highway safety, there has been a shift in research perspective. The 
**social drinker'' used to be the focus of major diagnoses and treatment. 
Currently, the ''problem drinker," or person clinically diagnosed as an 
''alcoholic** is often considered the most appropriate subject for assess- 
ment and treatment- The research community, however, has been sharply 
divided over whether such emphasis on any particular sub-population of 
drinkers can be justified. The A.D, Little (1966) review of traffic 
safety literature concluded: 

"It is the opinion of several responsible researchers 
that pathological drinking may be a factor in perhaps one 
quarter of all automobile fatalities* The distinction 
between infrequent heavy drinking and chronic alcoholism is 
not clear. - .present evidence is adequate to justify inten- 
sive investigation of alcoholism as a factor in fatal auto- 
mobile accidents and of its treatment as a means of reducing 
the fatality rate. (Little, 1966) 



Since 1966, the controversy over this assLimption, that a small per- 
centage of drivers (problem drinkers) is responsible for a large per* 
centage of the accidents, has increased. The advocates of the viewpoint 
expressed in the Little review maintain that one-third of all traffic 
deaths are caused by problem drinkers. Zylman (1973) details the weak- 
nesses of and the generalizations made in the various studies that sup- 
port this statement • He concludes that the studies were conducted using 
small segments of the populations, and therefore, the data were incomplete. 
Two other common statements for which Zylman finds supporting data in- 
adequate are: 
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(1) Willie the alcoholic may be a sick person, the alcoholic 
driver is a criminal, and he should not be permitted 
total driving freedom, 

(2) One out of every 50 drivers on the road is intoxicated. 



Schmidt and Smart (Little, 1966) have also challenged the ^'problem 
drinker*' assumption with their findings, suggesting that the amount of 
alcohol consumed, rather than any other characteristic of any particular 
class of drinking drivers, seems to be responsible for the observed high 
accident rates. The evidence presented earlier in this chapter in 
Figures 2-3, 2^-4, and 2-5 showing the relationship of BAG to simulated 
driving performance^ to crash probability, and to responsible fatal crash 
probabilities, indicates that these relationships are all in the form of 
positively accelerated smooth curves. This implies that the alcohol/ 
automobile problem is a fimction of the amount of alcohol consumed, and 
not exclusively the problem of any particular subgroup- It also implies 
that the target population for alcohol/ traffic safety measures is anyone 
who may attempt to drive with a high BAC-'-social drinkers, problem drink- 
ers, and **alcoholics,'' 

There is even evidence that experienced drinkers may drive better 
than novice drinkers at their relatively lower BAG levels. Schmidt, et 
al- (1962) studied the effects of various BAG^s upon performance of 
occasional, moderate, and heavy drinkers, A sample of the results of 
their study on a visual testing task (Figure 2-7) is representative of 
their general findings that at lower blood alcohol concentrations, the 
performance of experienced drinkers is affected less than the performance 
of individuals with little drinking experience. With higher concentrations, 
all persons are adversely affected. 

In sunmiary, it is difficult to determine from the empirical evidence 
which population group is tlie appropriate target for diagnosis. It is 
apparent that ultimate research objective^ should not be narrowly con- 
fined, but rather, that as many points as possible should be examined 
along the alcohol usage curve- However, the diagnostic assessment of 
alcohol problems is not tantamount to locating an iJlc^ividual on the 
alcohol usage continuum* Differing psychological^^d social .factors may 
cause two individuals to consume equal quantities of alcohol for entirely 
different reasons, for whom different treatments are indicated. Thus, 
all identifiable drinking sub-populations merit further study, including 
the alcoholic population- 

Sincc a number of social agencies are currently engaged in the treat- 
ment of alcoholism, these agencies are potentially very useful sources 
for alcoholism data. Unfortunately, information confidentiality require-- 
ments and inability to coordinate objectives have severely limited both 
research and operational programs _ 
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Waller (1967) conducted a study to identify the sources of existing 
information in a community about previous problem drinking. Comnamity 
services providing information included an alcoholism clinic, several 
family and welfare agencies, and the police department. "Screening crit- 
eria" were established to identify the problem drinker. These included 
two or more arrests involving the use of alcohol, or a "diagnosis" by 
personnel at an agency which indicated that the subject had an alcohol- 
related problem. (This latter criterion was employed only when it was 
based on something other than knowledge of previous drinking- related 
arrests.) • Using these criteria, almost two-thirds of a-DWI arrest sam- 
ple (n = 150) were identified as problem drinkers from records of other 
agencies. However, while these results have important implications 
regarding the extent of problem drinking among DWI's, they are of little 
utility for diagnosis. By employing a preselected DWI sample, these 
analyses suggest only that a past mi arrest can predict problem drink* 
ing, not that past problem drinking can predict a DWI arrest. 

In a study more directly related to driver assessment, Crancer and 
Quiring (1968b) obtained from a county hospital the names of 515 persons 
diagnosed as chronic alcoholics- Of these, 140 were found to be local 
resid^ts with valid drivers licenses and complete driving records. 
These drivers were then compared with population norms during a subsequent 
three-year period to examine accident and conviction frequencies. The 
chronic alcoholics were fomd to have 54.5% more accidents, and 88.4% 
more convictions (both significant p<.05) than the county population 
norm. On most violation types, the alcoholics had poorer records, inclu- 
ding 7.6 times the population average for drunken driving arrests. How- 
ever, it should be noted that there were no controls for biographical 
variables including age and sex, which apparently differed between the 
samples. These findings should therefore be viewed as evidence that 
prior diagnosis of chronic alcoholism should be a useful predictor of 
accident liability. Much further research using more comprehensive 
t statistical techniques will be required, 

A more detailed study of a larger alcoholic population (n - 2367) 
and their driving records is reported by Clay (1970), This analysis 
demonstrated that the best single predictor of an aIcoholic*s driving 
risk potential was liis total number of prior non-alcdiol-related moving 
traffic offenses (whidi is, of course, also the best predictor for non- 
alcoholics) . Numerous other predictors have since been discovered (Glay, 
1972) J but since there was no appropriate control sample, the added pre- 
dictive capability of the diagnosis of alcoholism could not be determined. 

In summary, there is some evidence that problem drinkers and alco- 
holics (if these terms can be operationally defined) account for a sig- 
nificant portion of the alcohol-related traffic problem, although the 
exact proportion is uncertain. There is some evidence (although cir- 
cumstantial) that a clinical diagnosis of alcoholism can be useful as a 
predictor of alcohol traffic safety errors. This evidence should be suf- 
ficient to justify continued research. 
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Drug Usage 



A review of the literature concerning drug use and highway safety 
has been conducted by Nichols (1971) and Smart (1974), Each has conclud- 
ed that at present there is little evidence to st5)port the use of drug-* 
related variables in any operational diagnostic assessment program. 
Nichols concludes his review by saying: 

''In reviewing the literature of the drug-driving area 
it is apparent that our present state of knowledge is little 
more than fra'^ -^ntary^.^It cannot be concluded that drugs are 
not having a . ^ificant impact on highway crashes. Rather, 
it must be concluded that presently there is no valid evidence 
that drug use and/or abuse is contributing disproportionately 
to highway crashes.** (Nichols, 1971) 

Similarly, Smart concludes: 

"To date there has been no determined effort to associ- 
ate the use of psycho-active drugs by drivers with specific 
driving errors or with responsibility for accidents • Of 
course, this would be an essential step in establishing the 
potential hazard of drinking and drug use. Further, it is 
not known whether drivers who need psycho-active drugs would 
actually be more dangerous on the road without them than with 
them." (Smart, 1974) 



Waller (1965) found that drivers with past drug convictions had 
nearly twice the violation rate as non-^users in the same age group, but 
their accident rates did not differ. Waller (1971) also pointed out 
that the excessive violation rate of these users often preceded their 
drug use. 

Other researchers (Crancer and Quiring, 1968c; Kleip et al., 1971) 
have also reported higher accident and/or violation rates for known users 
of illegal drugs ranging from marijuana to heroin. However, none of the 
studies incorporated controls for either personality or socio-economic 
variables. Since it is probable that these factors are related to both 
drug use and accident involvement, the contribution of drug usage alone 
is uncertain, Moser et al, (1972) did not find that drug users, primar- 
ily heroin addicts, had higher accident or violation rates, in a study 
controlled for personality and socio-economic factors. However, as 
Smart points out, heroin addicts may not contribute their share to acci- 
dent statistics because (a) few are licensed; and (b) users are not apt 
to drive while under the drug's influence. 

On marijuana. Waller (1973) reports that the evidence indicates even 
a large dose of marijuana has a less damaging effect than a moderate dose 
of alcohol, and that unlike alcohol, marijuana lessens the propensity to 

2-29 



164 



take risks. Also, a driver under the influence of marijuana may^ retain the 
ability to respond appropriately in an emergency situation. What scant 
evidence there is on marijuana involvement in highway crashes is often 
contaminated by the presence of high blood alcohol conc^trations as 
well. 

Barbiturates and tranquilizers, although intended to induce relax- 
ation and drowsiness, produce a high degree of tolerance in the habitual 
user. The danger then would be to the experimenter or the person who 
coTubined the drug with alcohol. 

Concerning LSD and other hallucinogens there is virtually no evidence 
on crash risk. 

Amphetamines, Waller (1973) claims, are the one drug group other 
than alcohol proven to be associated with an increase in crash risk. 
These drugs are known to produce an increased level of activity and an 
exaggerated sense of self-confidence and competence. 

Legal drug usage should also be considered; that is, the use of 
prescription and over-the-comter drugs. Waller (1973) cites a study in 
whieh the presence of drug levels in drivers killed in fatal single-vehi- 
cle crashes was examined. In about 11 percent of thq cases drugs were 
found, usually in combination with alcohol. He calculated that this was 
the proportion of persons who would normally be expected to be taking 
medications at any moment in time, and the blood alcohol level was suffi- 
cient to account for the driver impairment. Waller sums up by saying; 

'These studies... do not support the contention that, in 
general , the use of drugs other than alcohol either legally 
or illegally seriously reduces driving skill. The studies 
do not reject the argrjanent that in some instances the use of 
a drug may contribute to the occurrence of a crash.*' (Waller, 
1973) 

Thus, drug-related variables may still hold some promise for driver 
diagnostic assessment. There is some evidence that .drug- related convic- 
tions (readily available from Level II sources) are useful predictors, 
but may only reflect biographical or attitudinal factors. One other' 
Level II approach would be an exchange of information between driver 
licensing agencies and other agencies with which drug users come in con- 
tact. However, this is seldom possible, because of the many ethical 
issues involving those agencies, both government and private^ which 
require confidentiality for their successful operation. 

Using direct measurement of the driver (Level III), there are few 
operationally feasible assessment techniques. There is presently no 
technique which can detect all drugs in body fluid samples. Most avail- 
able screening techniques are cumbersome and require expensive clinical 
facilities and a full-time staff with medical expertise. Direct 
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questioning of license applicants concerning their drug usage habits 
would also appear futile, especially in relation to illegal drugs. 

In summary, the area of drug usage may have future potential for 
the diagnostic assessment of driver problems, but at present, there is 
little justification for any large-scale research efforts. 
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EXPOSURE VARIABLES 



Similar to the driver record exposure variables, the exposure esti- 
mates available from other agency sources are mainly qualitative grotqp 
hazard indicators. At Level II, these consist o£ accident and convic- 
tion descriptors, such as time o£ day, day o£ week, weather conditions, 
roadway conditions, etc. Most o£ the research to date has emphasized 
the use o£ these variables £or administrative purposes, such as suggest- 
ing times to allocate enforcement personnel, or suggesting places to 
change roadway design features. These variables, however, do have some 
potential for diagnostic assessment since they can provide more detail- 
ed qualitative descriptions of a driver's problem. For example, a 
driver problem diagnosed as "excessive alcohol Consijmption" ivould sug- 
gest a countermeasure designed to modify drinking habits. However, a 
driver problem diagnosed as "excessive nighttime alcohol consumption" 
might more easily be modified by siniply restricting the driver^s 
license to daytime hours • 

To date, very few of these variables have been examined as diagnos- 
tic indicators. As a result, this section will be limited to a discus- 
sion of time of day (of accident or conviction). A statistical tech- 
nique to estimate group exposure, based on accident culpability, is also 
Included. 



TIME OF DAY 

From the secondary sources of police citations and accident reports, 
diagnostic assessors can readily obtain accurate information on the time 
of day (and also day of week) at which an accident or violation occurred. 
Several research studies have demonstrated a strong relationship between 
time of day, and types of traffic accidents (e.g., the majority of 
alcohol-related crashes occur late at night). Since time of day might 
also be a qualitative measure of an individual's driving exposure, it 
might also be usefiil as an assessment variable.^ 

Wallace (1969) found a significant relationship between number of 
nighttime citations, and future driving errors • This is apparently 
related to the finding of Harano et al. (1973), who reported that an acci- 
dent repeater sample drove significantly more at midnight than an accident 
free sample (r = -.17). 



Chapter 3 will examine the utility of directly questionning the driver. 
For example, the question might be asked "How often do you drive at night?". 
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Qualitative exposure variables might be most useful in interactive 
multivariate prediction- In an analysis of a fatal accident file, 0*Day 
C1970] used several different types of accident descriptors. Figure 2-8 
indicates how various biographical variables, driver errors, and time 
variables (time of day and week] interact to describe the proportions of 
fatal accidents involving alcohol. 0*Day*s analysis reveals sub- 
popuXations of drivers for whidi alcohol was highly implicated. Five out 
of six drivers who were involved in fatal accidents in dark hours of the 
night and who had committed violations such as driving wrong way, speed- 
ing, left of center, or in^roper passing, had been drinking. ITiis analy- 
sis, althoiigh not predictive, does provide information at a macro level 
to further examine characteristics of accident involved drivers. 

There is, however, much more research needed. If exposure is indeed 
'the frequency of traffic events which create the risk of accident," time 
of day, as a predictor, may reflect the qualitative degree of hazard to 
which the individual is frequently exposed. In addition, this factor may 
have iir^lications for count ermeasure assignment C^-g-j restricted license^ 



INDUCED EXPOSURE 

Based on Level II sources, there is a statistical e:q)Osure control 
technique which is useful for research purposes. Using accident culpa- 
bility measures inferred from accident reports or accident-related convic 
tions, group exposure can be controlled by a method kno^m as "induced 
exposure" (Cerrelli, 1972]. This, technique is summarized as fbllows by 
Wiener C1972]: 

"Based oh the assumption, central to this technique, 
that the non-responsible drivers proportionally reflect the 
overall driving population, exposure indices for various di- 
mensions C^*g* J sex, age, etc.] can be computed. by dividing 
percent of innocently involved drivers in a certain category 
by the percent of licensees in that category. This yields a 
Relative Exposure Index C^E)* Likewise, dividing the percent 
of at-fault drivers by the same denominator yields a Liabil- 
ity Index (LI), a measure of accident liability uncorrected 
for exposure Cwl^ich mi^t be useful in insurance rate setting) . 
Finally, if one divides the LI by the RE for a given class, 
it yields a Hazard Index (HI), a measure of the relative 
hazard. Values greater than unity represent higher than 
expected exposure, liability or hazard." (Wiener, 1972) 



The principal assumption of the above procedure is difficult to 
validate empirically. The relative exposure index is computed from the 
number of innocently-involved drivers.. Whether degree of "innocent" 
accident involvement is proportional to amount and difficulty of ex- 
posure is subject to question. A driver may have a disproportionately 
high number of non-culpable accidents per mile due to undetected errors. 
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24B2 driven 
2 out of 7 h;id 
beet) drinking 



911 drivers who CO mm iued these 
viot^lions^ driving wrong w^r* 
*;t>ecdit)gi left of center, im- 
proper passing 

4 out of 7 had been drinking 



1571 drivers wlio comniirted these 
violations: too slow* rallied lo 
observe ^i^ntili fotJowed Coo d05« 
failed CO rictd OS no violucion 
1 out of 7 Itad been drinking 



586 drivers who were involve 
in falal accidents in ihe 
afternoon a fid evening 
3ouCof4 had been drinking 



325 drivers who were involved 
in \'^x■J^ ^Accidents in the 
dayttnie 

2 out of 7 had been drinking 



1 1 8 drivers who were involved 
in iaCal Aevidcnts between 
midnight and 4 am 
1 out of 2 had been drinking 



415 drivers who were involved 
in ratal accidents \a tlie dirk 
hours of the night 
5 out or6 had been drinking 



171 drivers who were involved 
in fata) iccidents in the !ate 
Afternoon 

4 out of 7 had been drinking 



2A^ male drivers 

1 out of 3 h^d been drinking 



79 female drivers 

1 out of 16 had been drinking 



85 drivers who were involved 
in fatal accidents tn the months 
of January* TebrtJjfyr March, May. 
June and September 
3 oul of 4 had been drinking 



J453 drivers who were involved 
in falai accidents at aU other 
Cimc^of the day 
t out of 9 had been drinking 



381 drivers who conimUted these 
violations: driving too slow, 
failed Co observe signal, fol- 
lowed too close^ failed to yield 
1 out of 5 had been drinking 



1072 drivers who commiited 
no violations 

I out of 1 4 had been drinking 



Source: O'Day (1^70) 



86 drivers who wure irivotved in 
farat accidents in the month's of 
April, July, August October, 
Novi;mberi December 
2 out of 5 h;td been drinking 



160 drivers whose ages were 
beiwcen 20 and 54 y^rs 
1 out of 2 had been drinking 



86 drivers whose ages were less 
than 20 or more than 54 
1 out of 5 had been drinking 



90 drivers who tvere involved in 
fatal accidents at night (px- 
ecpting niidnicht to 4:00 am) 
2 ouC of 5 had been drinking 



291 drivers who were involved 
in fjcal ^eidents in the 
daytime 

1 out of 8 had been drinking 



FIGURE 2-8, 1969 ALCOHOL AUTOMATIC INTERACTION DETECTOR PLOT: 
MICHIGAN FATAL ACQ DENT FILE 



ERLC 



or reporting biases. However, the technique does appear to be worthy o£ 
further study, since it may provide estimates o£ e:q)osure which are more 
accurate than those currently obtained. Without verification, however, 
there is presently little justification for the operational use of any 
groiq> estimates obtained by this technique, 

SUMMARY 

Only one variable and one statistical technique were discussed, since 
few (if any) other such measures have been used as predictors of subse- 
quent liability. The time of day (of an accident or citation) may have at 
least slight potential as a qualitative measure of an individual's driving 
environment. The statistical technique of induced e:q)osure, based on 
reports of accident culpability, shows promise as a group exposure control, 
although further validation is needed. 
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SUMMARY OF CHAPTER 2 



Level II sources currently have limited utility for individual 
assessment* With the exception of police accident reports and citations, 
research possibilities are also limited, since socio-legal and ethical 
issues frequently prevent access to information from other govemmOTt 
or private agencies. Studies using accident reports, particularly in- 
depth multi-disciplinary accident investigations, do provide an important 
link in interpreting data from other levels of measureiOent, 

ft 

Future research may eventually suggest the addition of other tech- 
niques to Level II sources • For example, enforcement offiQers issuing 
citations might routinely administer assessment variables to drivers 
(using Level III techniques) to identify deficiencies. Variables from 
multi-disciplinary accident investigations might also be included in 
standard accident reports, if found to have predictive validity. 

The most useful variable from Level II sources appears to be BAG 
level obtained from arrest and accident reports. This variable is cur- 
rently employed in numerous operational and .research programs through- 
out the United States for diagnosing individual problem drinking* 
Divorce information might also be especially useful for driver problem 
assessment, since recent divorces have been shown to be closely associ- 
ated with alcohol-related driving errors. Such information could be 
routinely reported by divorce courts to licensing agencies. 

The remaining Level It variables appear less promising. At present, 
it is difficult to obtain biographical, psychological, medical and expo- 
sure information from other agencies. As will be seen later, it is more 
feasible to obtain these kinds of variables directly from the driver. 
In driver control operational settings such information can usually be 
obtained through pre-sentence investigations or driver improvement meet- 
ings and hearings. Consequently, Level II sources do not appear essential 
to driver diagnosis, but in cases where information flow difficulties can 
be minimized, the use of other agency data sources might still provide 
more timely and accurate information. 
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Chapter 3 

INFORMATION FROM DIRECT MEASUREMENT OF THE DRIVER 



There are numerous diagnostic techniques which have shown some util- 
ity for further delineation of potential driver problems, yet whose 
results are not usually available in driver licensing or other agency 
files. For application of these techniques, the driver must be physical- 
ly located to be assessed. Although a few are applicable to telephone or 
questionnaire surveys, most of these techniques require the driver*s 
actual presence at the assessing agency* 

Many of the instruments and techniques which follow have been tried, 
on an experimental basis, in various operational settings. Others are 
purely research methods, with little or no current application potential* 
These are discussed primarily to provide perspective on current research 
objectives. It must again be recognized that any of these techniques 
could be routinely administered by a driver control agency, with the 
results stored in the license file* At present, however, this is not the 
case. 

This chapter is divided into our main sub-headings: 

• Driver Performance and Ability 

• Human Conditions and States 

Biographical Variables 
Psychological/Social/Attitude Variables 
Medical/Physiological Variables 

• Exposure Variables 

DRIVER PERFORMANCE AND ABILITY 

By direct measurement of the driver, a more complete analysis of the 
total driving task is possible* Although many such direct measurement 
techniques have been developed, few are currently employed except in re- 
search settings. The few exceptions are the performance testing required 
in license examinations (and occasionally re-examlnations) , which have 
been reviewed in Chapter 1, and the performance testing found in driver 
training programs, v/here utility is often claimed for both educational 
and performance-criterion purposes* The remainder of these techniques 
are limited primarily to experimental applications. As a result, much of 
this section will consist of exploratory research reviews, with greater 
in^lications for future research than for current operational diagnostic 
testing* 

It is useful to cate^orif<e the research findings on driver performance 
by a conceptual model of the components of the. driving task* One represent- 
ative description of driving performance is the PIVAT model (Whittenburg 
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et al, 1972, 1974), which includes the behavioral functions o£: 

1. Search 

2. Detect 

3. Identify 

4. Situation Diagnosis 

5. Action Selection 

6. Action Execution 

There are several reasons, however, that applying such distinctions to 
current driving performance research is not entirely practical. In one 
respect, these categories are too broad to provide an accurate descrip- 
tion. The category o£ action execution, for example, could contain re- 
search on thousands of perfoxmance measures, representing hundreds of 
dissimilar driving tasks. In another sense, however, even these broad 
distinctions are artificial. The six couiponents of the PIVAT model 
must be considered conceptual, since specific physical evidence cannot 
be uniquely isolated for each. For example, distinction between action 
selection and execution is often arbitrary. It is seldom possible to 
distinguish between "Was the proper action selected?" and "Was it 
Well-executed?" Improper actions cannot often be well^executed, and 
inability to properly execute an action implies a poor action selection. 
Thus, researchers are frequently unable to ii^olate causal factoid, even to 
broad degree of specificity outlined in the PIVAT model. 

Consequently, to accomodate the overlap within the driving perfor- 
mance research studies, the PIVAT model will be somewhat condensed 
(as shown in Figure 3-1) for purposes of this review. This section will 
discuss three major categories, including: 

• Perception 

Information Acquisition 
Recognition 

• Action Selection 

• Action Execution 

This general breakdown of the driving task seems to be the finest possibl 
breakdo™ which still reflects tho conceptual objectives of current re- 
search. The subdivision of perception is provided since many research 
studies address the entire perceptual process, while others address 
more specific components. 
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FIGURE 3-1. BEHAVIORAL TASKS OF THE PIVAT MODEL 



PERCEPTION 



The past fifteen years have witnessed growing interest in the re- 
lationship of human perception to automobile driving* This^lncreasing 
emphasis reflects more than a new research fad. As real world driving 
is studied in greater detail, particularly by recent multi-disciplinary 
accident investigations, the role of perceptual processing in the driving 
task becomes increasingly prominent. In an in-depth investigation of 
215 accidents and less detailed on-site investigations of 836 accidents, 
Indiana University's Institute for Research in Public Safety (1973) 
found that S3. 2% of the accidents involved some type of human factor as 
a direct accident cause. Examining categories within human factors, 
it became clear that perceptual errors (as opposed to perform^ce errors, * 
environmental factors, or vehicular factors) are heavily involved in 
accident causation. Information processing, or "recognition" errors 
were found to be definite causal factors in a substantial proportion 
C40,2%^48,1%) of the accidents examined. (Table 3-1 shows the per- 
centage of involvement found for various causal factors,) 

Indiana University's later re-examination of their MDAI data 
(Treat and Drakes, 1975) provides some additional insight into types 
of recognition errors which cause accidents. Table 5-2 presents their 
data for all accidents described as "driver suddenly perceives 
that another vehicle is approaching on a collision course," broken into 
17 siib -categories, (it is assumed that these accident-involved 

drivers who "suddenly perceived" could also be described as "did not per- 
ceive until too late"). These 17 sub-situations were examined to determine 
if any patterns or clusters existed. Six of the seventeen situations 
(4,5,9,11,13, and 16) accounted for 60% of the "did not perceive" drivers. 
These six situations can be reduced to the following general categories: 

© Driver does not see car coming from side or front 
toward vehicle (Situation 4,5,16) 

® Driver does not see car next to vehicle. 
(Situation 11,13) 

» Driver doe*> not see car approaching from the rear. 
(Situation 9) 



One reviewer, Wright .(1966), located approximately SO articles dealing 
with perceptual (or information) processing, primarily visual, of car 
drivers • During the same period several hundred papers on psychomotor 
performance and accident predictive tests had been published (see 
for example the bibliographies of Goldstein 1961 or 1964). More re- 
cent bibliographies include Forbes (1972) and the International Driver 
Behavior Research Association (1973), 
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TABLE 3-1 SUMMARY OF (>ERCENTAfiE OF ACCIDENTS IN WHICH 
DIfFERENT FACTORS WERE DEFINITE CAUSES 



Hunjan Factors * Direct Caases 
1* Critical Non^Perfonwmce 
^* Blackout 

2. Non-Accident Ct.g., Suicide) 

3. Recognition Errors 

a* Driver Failed to Observe Stop Sign 

b. Delays in Recognition ^ Reasons Identified 
(1) InattentiOj} 

{2) Internal Distraction 

(3) Hxtemai Distraction 

(4) Improper Lookout 

c. Delays in Perception for Other or Unknown Reasons 

d* Delays in Comprehension or Reaction - other or Unknovm 

4. Decision Errors 



a« 


Mi sj udgMicjit 


b. 


Raise Assumption 


c^ 


Improper Maneuver 


d. 


Improper Driving Technique 


e. 


Driving Technique was Inadequately Defensive 


f. 


Excessive Speed 


g- 


Tailgating 


h. 


Inadequate Signal 


i. 


Failure to Turn on Headlights 


j- 


Excessive Acceleration 


k. 


Pedestrian Ran into Traffic 


1, 


fiDproper Bvasive Action 


Performance Errors 




Overcompensation 


b. 


Panic or i-reeung 


c* 


Inadequate Directional Control 



Human Conditions 5 States 
Physieal/Physiological 
Mental /Emotional 
Exper ieoce/ Exposure 

Environmental Factors - Inclading SUck ^loads 
Environmental Factors - Excluding Slick Roads 

U Highway Related 

2, Ambiance ReUted 

Vehicular Factors 

a=On=site investigations, N=a3b 
C=In-depth investigations, M=2]S 

Source: instituTe for Research in Public Safety [1973] 



Phases I S III 
COMBINED 

B* C* 

76.2% S3. 2% 

1.0 -9 

-1 .5 

0 0 

40.2 4sa 
3.S 7.9 

35.3 40.7 

13.2 12.6 
3.3 6.1 
3.9 U9 

16.4 22.0 
3.3 4.7 

.7 .9 

41. 5 36.0 

2.0 1.9 
11. S S.6 

7.3 7.0 
4.9 S.f 

2.8 3.7 

10.5 9.8 

1.4 .5 
.8 .9 
.2 .0 
.5 .5 
.S 1.4 

6.9 8.9 

3.1 7.9 

1.8 4.7 
.6 0 

la 4.2 

3.9 2.3 
l.i 1.9 
3.i .9 

23.3 16.4 

17.6 12. 6 
13.3 10.7 

S.l 2.8 

5.7 4,2 
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TABLE 3.-2. TYPES Of ACC I OEM T- RELATED PERCEPTUAL ERROR 



_ tiumber 
of 

Situation Category _ Vehicles 

U Driver, while traveling into an intersection (path or roadway) ^ 80 

suddenly perceives another vehicle crossing in front in driver's 16,39% 
path* - f - 

2* Driver^ while traveling into an intersection (path or roadway) 56 

suddenly perceives that another vehicle is approaching towards 11,69% 
driver's vehicle. 

3. Driver, while trav**ling toward a roadway intersection, suddenly - 5 

perceives first, a traffic control device requiriiig a stop, and 1*02% 
second^ another vehicle approaching on a collision course, 

4* Driver, while entering an intersection (path or roadway), from 57 

a stopped or slowed condition, suddenly perceives that another 11*68% 
vehicle is approaching toirfards driver's vehicle, 

5* Driver, while entering an intersection (path or roadway), from 52 

a stopped or slowed condition, suddenly perceives that another 6.56% 
vi^hicli^ crossing in front in driver's path* 

6* DriiTer allowed vehicle to infringe ui^n or in the opposing lane 27 - 

of travel; driver suddenly perceives another vehicle approaching 5.534 
from the opposite lane* 

7^ Driver, traveling in own lane, sudderily encounters another vehicle 54 

coming from the opposite direction^ infringing upon or in driver^s 6.97ti 
path* 

6. Driver suddenly perceives that another vehicle has slowed or 62 

stopped ahead* 12.70% 

5* Driver is slowing or stopped when suddtnly another vehicle, 64 

approaching from the rear, creates a danger for driver* 13,11% 

10* Driver, traveling in own lane or passing suddenly perceives that 19 

another vehicle^ traveling in the same direction, is veoring into 5*89% 
the driver's path* 

11* Driver, while turning or changing lanes, suddenly perceives that 16 

another vehicle^ from the same direction, is occupying the adjacent 5.28% 
lane* 

12* Driver, while traveling in own lane, suddenly encotmtors another 9 

vehicle pulling into driver's path from a curb or intersection 1*84% 
(path or roadway), 

15* Driver, while entering the travel lanes froia the curb or an inter- 7 

section (path or roadway), suddenly perceives that another vducle 1*43% 
IS on a collision course with drivtt's vehicle* 

14. Driver, while traveling into an intersect ion, suddenly encounters a 4 

stopped vehicle in driver'? parh, O.B^'^ 

15* Driver is stopped in owt^ It^ne ;it a voadway intex*i:oction when i^uddciily 7 

another vehicle ^approachps to^/i'ards tTriver's vehicU.. J. 45* 

16* Driver, while backidg (rn r^adway^ from curb or driveway'Jf sudjunly 5 

perceives another vehicle in c*r crossLn^i driv^^r's p.ith l.C?l 

17* Driver, while traveling in own lunc^ suddenly encounters an.^tlier 2 

vehicle bacH.ig ir.^^o dr:vt^r's pnth from the corb or ^ (irivv:wa>, 0.4s% 



^'7urcc: Irrv^ d fa*e 1^^^5* 
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The only distinctions between these categories are directional, suggesting 
that the problem of failure to perceive may be more than simply a matter 
of inattention ^pr vigilance^decrement. The above data suggest that 
drivers ei^piyiid not look in the right places to gather information, 
or were not sampling the appropriate areas frequently enough* Another 
interpretation is that some drivers do not adapt their visual search 
patterns to suit the requirements of different traffic situations- For 
example, drivers may exhibit all the traditionally prescribed "lool(; 
far ahead and scan'" habits, but not swi^^ch to a closer more careful 
look at intersentions or road entrances^ ■ Some drivers might also not 
properly attend to peripheral information. Moving objects, located first 
on the eye's periphery, may not be recognized until the image has become 
foveal, when time to avert or avoid a collision situation has diminished. 
A likely conclusion is that each of the above interpretations, singly or 
in combination, may apply to different portions of the driving and accident- 
involved public. 

Unfortunately, there is only a slight theoretical background for the 
assessment of a driver* s perceptual performance*, One area covers the 
psychology of perception, as well as the physiological operation of 
sensory-processing components of the human organism. Another viewpoint, 
referred to as attention theory, appears to have greater implications 
for traffic accidents. Because of the relatively recent reawakening of 
interest in attentional mechanisms ("^'g'* during the l950's, following 
identification of the function of the reticular formation. See Magoun, 
1961), there are many hypotheses, but few comprehensive theoretical 
positions, from which to integrate the facets of human attention and 
information processing. For example, a continuing dilemma is the finding 
that all stimulation impinging on the retina cannot be transmitted 
along the optic nerve to the central processor. There are too many 
stimuli to be transmitted, yet there is no evidence of neural structures 
which serve a preview and selection function, nor is there any evidence 
that a decision-making processor exists within the retina-optic nerve 
structure. There is currently no satisfactory answer to this question. 
The study of attention is just beginning to form a picture of information 
processing and attention. Applied researchers cannot expect to find an 
integrated body of theory to use as a starting point for developing com- 
prehensive testing techniques. This explains, at least in part, the 
relative scarcity of tests in the perception*^attention realm. 

Although, accident analysis has demonstrated the importance of 
information gathering and attention failures in accident causation, 
these data do not precisely describe perceptual failures in behavioral 
or physiological terms. Without such description, development of test 
requirements (much less testing techniques) must be highly subjective. 
This lack of data further explains the limited success of diagnostic 
tests which have been developed to assess driver information processing 
abilities* To complicate the matter, attentional states fluctuate over 
time and are therefore difficult to test. Most tests are given under 
somewhat ideal conditions where subjects are "up" for the test, and rarely 
exhibit the sought after degraded state of behaviors, \ 
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The following pages will discuss the current research findings on 
(1) general perceptual, characteristics, to be followed by the more 
specific findings concerning (2) information acquisition, and (3) recog- 
nition. 



GENERAL PERCEPTUAL CHARACTERISTICS 

A classic paper by Gibson § Crooks (1938) provided the first analysis 
of the^role of perceptual processes in driving. Since then, a variety 
of models have been developed based on information theory (Ross, 1960; 
Senders et kl, 1966; Allen, Lunenfield 5 Alexander, 1971; Barrett, 
Alexander § Forbes, 1973; Dumas, 1973) or closed loop control system 
theory (Rockwell, 1972; McRuer et al, 1974). The model posed earlier^ 
the PIVAT Model (Whlttenburg et al., 1972), includes all the basic 
elements found in the other models, except the mathematical transfer 
functions of McRuer et al.(19743. 

Research investigators have studied numerous mechanisms as potential 
controllers of information intake and processing, such as perceptual 
style or field- dependence versus independence (Barrett and Thornton, 1968), 
and perceptual load (Bloomer, 1962). Each of these has been found related 
to perceptual driving performance. Generally, the methodologies originally 
used to study these functions as psychomotor skills have sinco been 
applied to a driving context. 

Perceptual style as it relates to driving has been extensively 
studied. A review of this work was conducted by Barrett, Alexander, and 
Forbes (1973). Some of their major findings are included here: 



**Since the early 1940 *s, Witkin and several others have 
conducted a long series of studies aimed at classifying 
individuals witJh respect to their ability to extract 
salient information from a complex background (Witkin, 
1965). They have called this ability perceptual style, 
with those who most demonstrate the ability being termed 
'field- independent* and those ^ho least demonstrated it 
*f ield-dependent* . 

*'It has been hypothesized that at least part of the 
driving task, that which deals with adequate responses 
to critical situiations, requires the ability to 
identify pertinent information in the environment, and 
that this ability should be measurable (at least in part) 
on the field-dependence/ independence dimension. The 
relationship between perceptual style and drivers* 
reactions to emergencies was, first investigated by 
Barrett and Thornton (1968). Using a fixed-base 
simulator, they measured drivers' reactions to the 

jsudden emergence of a pedestrian. Field-dependent 

3-$ 
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subjects were significantly slower in reaction 
time Cx=-67)^ significantly slower in deceleration 
rate (r=*74), and mor*^ likely to hit the pedest- 
rian (r=.50)* In a study of matched groxips of 
accident-involved and aceident-f ree' iirivers^ Harano 

(1970) found that a measure of field-dependence 
significantly combined with prior conviction 
frequency and annual mileage in a multiple regression 
Cr-*64) to predict accident involvement. These re- 
sults were further substantiated in the laboratory 
by Gallagher (1969) and in the field by Williams 

(1971) . 

"Lending support to the hypothesis that field- inde- 
pendent persons are perceptually more analytical^ Boersma^ 
Muir^ Wilson^ and Bamham (1969) recorded the eye 
movements of subjects who were taking the embedded 
figures test (a paper-and-pencil form of perceptual 
style test). They found that fie Id- independent persons 
made more eye-shift movements between targets and 
alternatives* Anderson^ Nilsson^ and Henriksson 
(1970) tested a sample of drivers on the spiral- 
after-image test. Persons judged by this test to be 
'Tiyposensitive'* (a constnact quite similar to field- 
dependence) were found to have had more automobile 
accidents . 

"At the abstract end^ two measures of perceptual style 
appear to hold the greatest promise for accident research. 
Series 3 of the rod-and-frame test (Barrett and Thornton, 
1968)^ and the three-dimensional embedded figures test 
CWillianis^ 1971), have the highest reliabilities and 
the strongest relationships with accident involvement. 
At a somewhat less abstract level^ a series of filmed 
segments (either still or motion) of real traffic situa- 
tions including a variety of each of the critical situa- 
tions of varying complexity could be composed to run 
about twenty minutes and a standard scoring system developed 
for the driver's identification of pre-defined salient 
cues. At a real world level, the driver could be placed 
in a driving situation in actual traffic (either a closed 
track or on-the-road) and be observed while required 
to provide a running verbal commentary on those events 
in his own driving environment which he sees ..as likely 
to influence his own driving.*' (Barrett^ Alexander^ and 
Forbes, 1973) 

Some of these findings deserve more detailed^iscussion, Harano 
(1970) conducted one of, the few studies in which Waffic accident data 
have been examined in. relation to a measure of perceptual style. 
Working within the California Department of Motor Vehicles, he gathered 
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a small group of 28 accident and 27 accident-free drivers to examine 
the relationship between field-dependence and motor vehicle accident 
involvement. A multiple regression analysis indicated that the field 
dependence measured significantly increased prediction of prior 
accident iiivolvement. The author concluded that measures of per- 
ceptual style such as fie Id- dependence held promise for future 
research in traffic safety. Sitbsequently, Harano and other 
California D^^V researchers (Harano, McBride and Peck, 1973) 
evaluated a larger contrasted sample (accident and accident-free 
drivers) using several hundred biographical and psychological 
variables, as well as measures of perceptual style and perceptual- 
motor coordination. Although the scores of the embedded figures 
test were significant in the final regression equation (predicting 
accidents), the simple correlation between fie Id- dependence and 
accidents was not significant. The researchers concluded that the 
embedded figures test acted as a suppressor variable in the final 
equation, because of its near zero correlation with accidents and 
its relatively high correlation with other significant variables 
in the multiple regression: socio-economic cluster (r=.33), **elderly 
driver index'* (r=.20), and age (r=.43). These findings suggest 
the need for further research on the apparently complex interactions 
which relate perceptual style to driving performance. 

Other investigators have found slightly significant corr*&lations 
between Embedded Figures Test scores and accident data. For example, 
Williams (1971) administered a. three-dimensional version of the 
instrument which has consistently reported high reliabilities to a 
sample of accident-free and accident- involved conmiercial drivers. 
He found the three-dimensional test able to discriminate between the 
groups, while a simple hidden figure test did not (The two tests did 
not correlate significantly). 

Much of the research has been concerned only with measures of 
perceptual style as they relate to specific components of the driving 
task. A study of eye movement and the Embedded Figures Test (Eoersma 
et al. 1969) determined tliat subjects rated field- independent evi- 
denced greater eye movement, with more alternative shifts between 
target and background, than did fie Id^ dependent subjects, suggesting 
a more critical and attentive approach to the driving environment. 

Research has also examined the relationship between perceptual 
style and specific perception of danger in a simulated emergency 
task (Currie, 1969). Though most results have not been particularly 
promising, a significant relationship was found between accidents 
and time required to perceive the onset of dangerous situations, 

Olson £1974) performed three studies exploring differences 
between extreme groups of field^dependent and independent drivers 
CNsi20) on skid control and platoon car following abilities. Overall 
performance on skid control did not differ, although the field inde- 
pendent group showed improvement on the second t!rial* From the two 
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car following experiments, Olson concluded that field-dependent sub- 
jects may not use information from vehicles ahead- of the lead vehicle 
as appropriately as do field independent subjects. He hypothesized 
that field- dependent drivers- would be overinvolvad in.reax-end 
collisions, and recommended a large scale study relating perceptual 
style measures to accidents. 

Though no significant correlations between -perceptual style, and 
speed estimation have been found (Barrett et al. 1969a), some studies 
do SLiggest tentative relationships. Case et al , C1970a) reported a 
negative corrolation between speed estimation and driver age. Simi- 
larly, a deterioration in perceptual style has been found with 
increasing age CBarrett et al,, 1973), 

Exploratory research examining the potential for retraining 
field-dependent individuals l.is not been promising. In one small 
study (n=14}, utilizing Rod and Frame Test scores to reflect fields- 
dependence, Elliott and Mcl^lichael (1963) attempted to retrain 
space-orientation. Indicators were found that some perceptual im- 
provement is possible. Reductions in errors subsequent to feedback 
(i.e., discussions of judgmental maneuvers) were significant, but 
proved to be transient and unstable. 

To briefly summarize the tests which assess field-dependence- 
independence, the rod-and-frame device is portable and inexpensive, 
but must be given on a one-to-one basis and in a completely dark 
room. Any extraneous cues, eg., light reflecting off the floor or 
ceiling, will negate the test results, although further development 
may alleviate this problem. The embedded figures test is more 
practical,. since it is a paper and pencil test that can be administered 
to groups. However, the rod-and-frame is highly reliable with a 
tost-retest or r^.95, while the embedded figures test reliability 
averages only r-.58 (Sarrett and Thornton^ 1968). Much more re- 
search must be performed to determine how these tests are related, 
and what a diagnosis of field-dependence independence means, partic- 
ularly for the large percentage of the population who will be in the 
middle of the scoring continuum. 

Barrett et al. C1968} addressed some of these issues, examining 
how ''perceptual style,'' as measured by the rod-and-frame test, 
is related to the field "dependence- independence'* variables of the 
embedded figures test. Generally, he reported that the 'T^etter" 
one's perceptual style, the more fie Id- independent, i<e., the more ^ 
analytic and critical his observations are in respect to a more 
generalized stimulus background. (The correlation between the two 
measures was not reported.) Barrett et al. (1968) investigated per- 
ceptual style vs. driver reaction time in an emergency situation. 
Correlations of reaction time (braking and deceleration rate), after 
intrusion of a pedestrian dummy on a scaled highway system, with the 
perceptual style measures of the rod-and-frame test were encouraging. 
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Initial braVe reaction time Correlated r=. 61 and deceleration rate 
correlated r».74 with perceptual style. Subsequently, when Barrett 
C1969b) en^jloyed the eiubedded figures test, which had previously 
been shown to correlate with the rod-and- frame test, the results 
were not as pranising. Using the embedded figures test, Barrett 
derived initial braVe reaction time correlations of r:^,S4 and dece- 
leration rate correlations of r=.49. These differences have led 
Barrett to view perceptual style as a multi-dimensional construct. 

Information Acquisition 

A major theoretical development which underlies much of the 
research to date in information processing, was the demonstration 
that man is.Jtiasically a single channel processor (Broadbent, 
1958; MostofsVy, 1970). This development has focused considerable 
attention on how a driver searches for, and selectively processes, 
sensory input. 

One implication of the single channel processing theoiry is that 
as information load increases, the tasV of sorting, ordering, and 
selecting which stimuli to process {or selecting only the relevant 
cues among stimuli) increases, and the required time for processing 
and subsequent response lengthens. This has been ^pirically demon- 
strated in a number of studies. Figure 3-2 gives composite data for 
10 laboratory studies, employing a variety of tasVs, showing that 
response time increases as the amount of information increases 
(Posner, 1966). There appears to be some interaction with stimulus- 
response compatibility, but generally, processing time increases 
with increasing information load. 

Applying these findings to the driving situation may provide 
useful insights for assessment. The sensory complexity (mainly 
visual) of driving scenes ..varies widely. An increase in processing 
and response times would be expected in increasingly ccsnplex situa- 
tions, but would be of little diagnostic consequence if all drivers 
experienced similar changes. However, if people process information 
differentially, then perceptual processings motor response time, and 
expectation of other drivers' actions can be differentially assessed^ 

Several researchers have proposed information processing models 
applicable to the driver population (e-g-* Rockwell et al., 1967; 
Schlesinger and Safren, 1962; and Ferger^^son, 1971) • Their criterion 
measure has often been a type of reaction time measurement • Schlesingor 
and Safren (1962) proposed a model in which the driver operates to main^ 
tain a optimum planning/decision-maVing performance situation by 
constantly monitoring the "field-zone ratioV, with which he is con- 
fronted* The parameters of this field-zone ratio are controlled 
both by the speed and direction cf uis vehicle. Their discussion of 
this rood^l states; 
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"In the model, the major task of tll0 driver is the per- 
ceptual organisation from moment to -moment of the field of 
safe travel (a region in which the car can move unijHpeded) , 
a minimum stopping zone (tlje' smallest region through which 
the car must pass to come to a full stop), and a coir^arison 
of these two fields. The driver's organization of these 
two fields, or the field-zone ratio, is a controlled stimulus 
guiding the control actions of the vehicle. That is, the 
driver varies the speed and direction of movement of the 
vehicle to maintain a safe field zone-ratio — one in which 
the field is greater than the zone.** ^ 
(Schl^singer and Safren, 1962) 

2 

They felt that the result of the pilot study feR^loying a Drivometer ) 
siq^ported the concepts of the model. Tliat is, a "driver who accu- 
rately processes the incoming information has less occasion for 
abrupt speed and direction changes due to unexpected contingency"* 
The skillful driver would tend to be a "smooth driver"* 

Numerous research studies have been unable to discover relation- 
ships between simple reaction time and accident involvement (See 
Goldstein, 1961). Currle (1969) could find no difference in simple 
reaction time between accident repeaters and accident-free drivers, 
although his accident group was significantly slower to perveive 
imminent collisions in a simulator. 

Reaction pattern, or the relation between the times for onset 
of stimulus and onset of response, have been suggested as more 
relevant to the driving task* Babarik (1966) tested. 127 cab drivers 
and found drivers with slower reaction in the complex test situation 
to be more involved in struck-f rom-behind accidents. Barrett et al. 
(1973) reviewed research supporting the reaction pattern concept, 
but were unable to verify its diagnostic utility, Harano et al. (1973) 
employed several con^lex reaction pattern measures (e*g*, time-sharing 
capacity), and found only small correlations with accident involvement. 
None of the psychomotor measures were significant in the final pre- 
diction battery measure developed in the study. 

Hakkinen (1958) using several simple, disjunctive, and choice 
reaction situations found no significant relationship to accidents 
for a sample of bus and train drivers. However, on eye-hand coordina- 
tion tests, accident groups generally performed poorly. Additionally, 
using coR^lex choice reaction tests on a part task driving simulation. 



^Hiey found test-retest reliability of the Drivometer to be very 
high (r=*95)* 



several measures were found to distinguish between accident groups 
and safer driverso 

Fergenson (1968) compared both simple and three choice re- 
action times to driving record. He concluded that information pro- 
cessing time discriminated accident (low speed-processors) versus 
non-accident hi^er speed processors) drivers- Subsequently, 
Fergenson (1971) studied seventeen subjects matched for driving 
experience, divided into four groups according to^^-accident and 
violation records- He again found that those who had a high accident 
record processed information at a significantly lower rate (p<.01) 
than did non-accident subjects. However, subjects who had many 
violations but no accidents were the best information processors. 
Fergenson hypothesized that anxiety might act as an intervening 
variable in the ultimate execution of driving tasks, suggesting the 
possibility of diagnostic evaluation of drivers based. on information 
processing variables by comparison of single- and multiple-choice 
reaction times. Fergenson cautioned, however, that his sample popu- 
lation was small, all male, and of a narrow age range, and emphasized 
that further research is needed. 

Since anxiety might relate to information acquisition, several 
studies have examined various measures of stress in relation to 
driving performance. Stress can be defined as a general condition 
induced by a variety of parameters, including fatigue, alcohol, 
drugs, complexity, and uncertainty. Smith (1972), in reviewing 
eye-movement and other related research, found that stress degrades 
the information acquisition process. Generally, loss of peripheral 
information and changes in eye movement patterns occur^ Adaptation 
to the different types of stress varies. The intoxicated driver is 
less sensitive to directional and speed requirements, while the 
tired driver enlarges his eye movement patterns- These same per- 
formance degradations have been found under stress in a variety of 
non-highway settings (e.g., Gibbs, 1967). 

Excessive information load can be viewed as a type of stress- 
Driving performance has been examined under various stimulus overloads, 
generally by secondary task incursion^ Stephens and Michaels (1964) 
have shown that laboratory simulator performance on driving tasks 
deteriorated when subjects were required to perform two tasks 
simultaneously. (Brown, 1966, 1967a, and 1968) examined the concept 
of spare mental capacity by having drivers perform a secondary 
auditory task while driving in various traffic settings. He found 
some evidence that drivers better able to attend to both driving and 
a subsidiary task may be those who are best able to process niore in- 
coming stimulus information* Since accident experience was not a 
criterion in any of the applications of the technique, little can 
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be said about its potential diagnostic utility. However, the tech- 
nique of imposing a secondary task (loading) may be a useful means to 
include a measure of stress with other attentional and skill measures. 



The use of the threat of stress (in the form of electric 
shock) is being explored as a test to detect individuals susceptible 
to performance disruption because of stress (Gibson, 1971). This 
application was intended for military flight school, and does not 
appear practical for use with drivers. 

A very general theory of attention and performance was provided 
by Hebb (1955) * His activationist hypothesis states that the re- 
lationship between performance and arousal forms an inverted *'U", 
So that up to a point arousal increases performance, but above cer- 
tain levels of arousal performance deteriorates* This concept may 
be useful in exploring the relationship of psychological and social 
stress factors with accident involvement. As will be seen later, 
drivers involved in fatal accidents are frequently characterized 
as having high stress backgrounds. From the multidisciplinary 
accident investigations, ^'attention^' was found to be one of the 
leading causal factors. The delineation of relationships between 
stress and attention appears to bo a fruitful area for further 
research. 

Research to date has been hampered by the lack of operational 
measures of stress. Development is currently experimental in 
nature, and psychometric characteristics are frequently not re- 
ported. Various physiological measures have been devised, e*g.^ 
heart rate variability (O'Hanlon, 1972), alpha rhythm (Sugannan 
and Cozard, 1972), but these are intended as experimental measures 
to be taken over long time periods, and are not directly relevant 
to the diagnostic assessment of driver problems* 

A phenomenon apparently related to excess information load, 
response blocking (i.e., inability to respond to a situation, 
"freezing up"), has been studied since the 1930*s as a factor assoc- 
iated with human performance. Teichner (1968) reviewed the litera- 
ture on this subject, and suggested that response blocking occurs 
under conditions typically found in driving. Tliese are: 

• The more complex a task or the higher the information flow 
rate, the more frequent and longer the duration of the blocks- 

• Reaction time increases markedly 4-5 responses prior to a 
block. 

• Frequency and size of response blocks increase with fatigue, 
lighting conditions, and conditions which reduce oxygen up- 
take, transport, and perfusion (CO2, age, alcohol, altitude). 

• Occurs as a reaction in emergency conditions and to conflict in 
decision-making situations. 
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Apparently no test or experimental work related to driving followed 
Teichner*s article, although response blocking may have potential 
applications to driver problem assessment. 

Performance is also degraded by insufficient incoming stimuli- 
Case et al. (1970a3 foimd that driver judgments regarding speed vary 
widely when observing the same stimulus situation, and that supple- 
mental information (e.g., posted speed signs) may exert a negative ' 
influence upon the accurate perception of one's own traveling speed. 
Similar results in other studies, however, may have been the result of 
distinct characteristics of driving simulation in the laboratory. 
Salvatore (1969) determined that by varying the nature of sensory 
input, one can directly alter the perception of traveled velocity. 
The removal of the "force sense feedback mechanism*' (i*e., sensory 
acceleration cues) acts to reduce the true ratio 'of estimated to 
actual speed. In fixed-based simulation, where kinesthetic feedback 
is not available to a driver, much of the cueing which occurs in 
real world driving may be absent. Decision making and information 
processing are consequently delimited and inaccurate. 

Since both insufficient and excessive information input can 
degrade driving performance, techniques to precisely measure the 
amount of incoming stimuli would appear especially useful. Senders 
et al, (1966 and 1969) developed a technique for occluding a driver's 
vision, a head mounted face shield blocking the driver's view. In 
some cases, the driver was allov;ed to raise the shield when he needed 
more information, or occlusion could be timed and controlled externally, 
As expected, drivers left the shield over -their eyes significantly 
longer when there was less dense traffic^ fewer roadside obstructions, 
straight, clear road ahead, and at slower speeds. These findings do 
support Senders' (1973) uncertainty hypothesis of time devoted to 
gathering in format ion- -the extent to which a driver attends to a 
particular part of the highway scene or car interior depends on his 
uncertainty about both the position of his own car, and that of 
other vehicles and obstacles on or near the road. 

These authors suggest that ixnder conditions of controlled 
speed, the voluntary control of occlusion interval gives a direct 
measure of information load. Some slight individxoal differences were 
also noted, which suggests a potential for diagnosis. It is apparent 
however, that for this purpose, all stimuli tnot simply speed) must 
be controlled. These conditions would be possible only in a driving 
simulator. In the present study, since the technique was used for 
experimental purposes and uras not intended for assessment, no relia- 
bility or validity data were reported. Under controlled conditions, 
future research examining relationships with individual driving 
records may suggest diagnostic potential* However, as with the 
eye movement techniques there are test time and equipment constraints 
which make the device unattractive for individual diagnosis* 
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Since the driver is basically a single channel processor opera- 
ting in complex stimulus situations, the factors which determine what 
and where he attends, and which stimuli he processes, are especially 
important. Research directed toward these factors has been aided 
by the development of a reliable^ useful measurement technique. The 
eye marker camera has evolved into a device which is now helmet 
inountedj^ relatively light weight, and no longer requires a bite 
bar (Rockwell, 1972), although it is still expensive and time con- 
suming. Eye movement markers have been found to give, reliable re- 
sults. Rockwell (1972) reports that subjects tested several different 
times evidence remarkably similar scan patterns across tests, al- 
thoui^i the specific correlation was not given. Eye patterns have been 
found to be consistent over testing times of several hours, allowing 
the effects of various conditions and scan patterns to be reliably 
studied* However, it is doubtful that a driver with test gear on 
his head performs the same as without the gear, as was demonstrated 
by Allen, Schroeder, and Ball (1974). Using a simulator with TV 
display to present dangerous traffic situations, they found fewer 
long eye movements and more fixation errors when head movement was 
restricted by equipment than without it. 

Despite this difficulty, studies of eye movements have produced 
a number of interesting findings. Rockwell (1972) has used eye move* 
ment recording to examine driver search-and-scan patterns under 
varying conditions of fatigue, alcohol, night and other road con- 
ditions, and traffic density. Both fatigue and alcohol resulted in 
a narrowing of the visual field searched, or the tunnelling effect. 
Another finding of eye movement analysis is the difference in search- 
and-scan patterns of novice versus experienced drivers (Mourant and 
Rockwell, 1971). Novice drivers often spend excessive time searching 
the environment for cues, do not fixate long enough on the relevant 
cues to gather adequate information, and spend too much time looking 
at road position cues close to the car. The experienced driver scans 
further in front and to the right side of the road, while positional 
cues are gathered peripherally (Bhise and Rockwell, 1971), To the 
authors' knowledge, however, there is currently no evidence o^ a 
relationship between search-and-scan patterns and traffic accidents- 
There may however be some diagnostic potential for eye movement 
measurement, for detection of individuals who use extremely inap- 
propriate or inefficient search-and-scan techniques. Predictive 
validity studies, establishing strong relationships with other 
crii-^i^ia, would of course be required. Further development will al55o 
be necessary to adapt the test for operational assessment. Despite 
recent advances, the usefulness of eye marker systems in operational 
settings is currently questionable, since test administration and 
scoring time are very long (30-45 minutes^. A much simpler testing 
and scoring system are essential. Possibly monitoring gross eye and 
head movements, as attempted by Robinson et al, (1972), or using a 
motion picture display instead of on-road testing would increase 
testing efficiency sufficiently for operational purposes. 
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To summarize the research on information acquistion, there does 
not appear to be any compelling evidence relating information acqui- 
sition to traffic accidents. Information acquisition is only the 
first step in the total driving performance process. While it is 
possible that one parameter could disrupt the entire chain of be- 
havior, only slight relationships o£ information acquisition measures 
with accident history have been noted^ This suggests that the 
information acquisition measures will never be strong accident 
liability predictors ^or a large number of drivers. Individual dif- 
ferences on these me :^"xU7*e^s have also been noted, however, suggesting 
that these variable:^ ;^iv be appropriate only for a particular sub- 
group (perhaps those few for whom information acquisition is suf- 
ficiently poor to disrupt the entire chain of driving behavior). 
Further research is definitely needed to integrate this area of measure- 
ment with other areas of driver performance. 

Recognition 

Several tests of driver recognition have been developed, all 
involving recognition of hazardous traffic situations. 

Using pictures from a Shell Oil Company filmstrip, McPherson and 
Konel (1968) developed the Traffic Hazards Perception test, in which 
subjects indicate degree of hazard depicted by different traffic 
situations. The test was used as a criterion to determine whether 
the perceptual habits of individuals with learning disabilities would 
change after training, (The test has not been validated against 
accidents or "real world" driver performance, nor was test reliability 
(established.) 

In 1972, the Traffic Hazards Perception filmstrip and test were 
replaced with a new filmstrip and the corresponding Perception of 
Driving Stimulus Test. This test is a series of scenes exposed for 
five seconds, and a series of questions (true-false) is then asked 
after each scene. 

Development of the test began with an inspection of each film- 
strip scene to determine relevant cues for driving, and pseudo-cues. 
Pseudo-cues are either irrelevant or not present, and are used in 
the test to determine whether a subject is falsely perceiving the 
"driving scene. Scoring involves the simple number of items correct. 
Two parallel ^ forms were constructed one intended for testing^ and 
the other as a teaching aid. 

Both forms of the test, as well as the older Traffic Hazards 
Perception Test, were administered to 215 high school driver educa- 
tion students. All students received the tests in the same order. 
Split-half reliabilities (KR*^20) of Part I r =.74, and Part II 
r =.68, were reported. For the Perception of Traffic Hazards Test, 
split-half reliabilities of r = ,13 '(Spearman -Brown) and r = ,35 

190 

3-19 



Codd-even) were reported- 



Original ly, the Perception of Driving Stimilxis Test was to be 
validated by correlation with the TYaffic Hazards Perception Test 
scores. These correlations, item by item and total test scores, 
were not significant. Face validity was established by submitting 
the tests to four "nationally recognized driver educators." The 
panel agreed that: 

The Perception of Driving Stimulus Test did measure the 
ability of the student to perceive relevant cues in the 
driving scenes presented. 

2. Both Part I and Part II were measuring this criterion to 
the same degree* 

3. The Perception of Driving Stimulus Test was a valid tool to 
be used in the measurement of the stated criteria. The 
panel was unanimous in their concurring opinions. It was 
determined that face Vvalidity._does exist for the Perception 
of Driving Stimulus Test.'* CVersace, 1972) 

At present, no evidence of predictive validity is available. 
A study of predictive validity using license applicants and follow- 
up accident records is currently being conducted in the State of 
Maryland. The findings of this study should resolve the itnanswered 
questions about the diagnostic utility of this technique* 

An earlier study conducted by Spicer C1964) developed another 
potentially useful hazard perception test. The instrument consisted 
of an 11-scene 16 mm. silent picture film depicting typical city and 
highway traffic conditions, along with a checklist of items for each 
scene. The response checklist was derived from the responses of a 
sample of accident-* free professional drivers. The list had 12 items^ 
eight of which were positively weighted by the frequency with which 
the professional drivers had responded to the item. The remaining 
four items referred to things that did not appear in the film sequenc 
A group of 26 college students was administered the test and a re- 
test, which yielded a reliability coefficient of .81. Further item 
analysis of each scene to determine its ability to discriminate 
between accident-free and accident repeaters^ hPwever, indicated 
that this form was ineffective, and the checklist was revised and 
re-tested on a sample of 209 professional drivers* 
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. Further refinement of the instruments resulted in a new Visual 
Perception Test, which also had 11, 35-second scenes depicting a 
variety of traffic situations. Forty-seven skilled drivers reviewed 
the scenes, and their responses were again used to develop the final 
checklist. All persons between 15 and 17 years of age, who applied 
for a driver*s license at the Honolulu Police Department between 
July 1 and September 7, 1962, were then administered the test CN-875)- 
An elaborate follow-up system was devised to ensure that all drivers 
who had participated in the study, and had subsequently become 
involved in accidents, were detected and recorded. When the test 
responses of matched accident-free and accident- involved subjects 
were compared, significant differences on Visual Perception scores 
were found. The test apparently reflected the inexperience of the 
15 to 17 year old driver, since Visual Perception Test scores for this 
age group were lower than those for a sample of older drivers- The 
youthful drivers reflected lack of awareness of vital cues^ and the 
consequent inability to appropriately anticipate certain events. 

Adams (1968) reports that the technique of stimulus accretion 
was able to differentiate between two groups of accident and accident- 
free drivers. Reliability of the technique was acceptable (.75+ 
for test -retest) , but validity predicting follow-up accidents was 
not substantiated (Weinstein, 1970). 

Another technique is commentary driving. Nine older and 11 
younger females described hazards while driving. No differences 
in various manipulative skills (as measured by the HSR car) were 
. found, but the younger group more often reported non-moving objects 
as a threato The older group saw equally as many moving and non- 
TtiDving objects as a threat, confirming that differences in selective 
attention accompany variations in age and experience (Soliday and 
Allen, 1972). 

In summary, there appear to be enough positive results from 
hazard perception related tests to warrant further resear;h. The 
techniques require relatively short administration times and can be 
administered with a minimum of equipment. At present, however, there 
is little (if any) evidence of predictive validity. Unfortunately, 
most research efforts cited do not reflect sufficient continuity to 
adequately understand the principles involved. Test construction 
efforts do not appear to go much beyond initial test development. 
For example, Schuster (1971) used a simulator film of hazardous 
situations and asked questions about the situations by stopping the 
film and projecting multiple choice questions on the screen. The 
first version of the test was item analyzed and revised, but to the 
reviewers* knowledge no other research has been reported. Further 
research is definitely needed to establish predictive capability. 

Research is also needed on the causes of recognition errors- 
For the younger driver, recognition errors may result from lack of 
experience, while the older driver may have deficient visual abilities 
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or visual habit patterns* The evidence presented here suggests 
potential for a valid and reliable hazard perception test, but further 
development will be required for general diagnostic application. 

Summary of Perception Research Findings 

Through analysis of accident data, perceptual processes have been 
shown to be a prime accident causal factor. In one stud/j 42.5% ' 
of all accident- involved drivers did not perceive the collision in 
time to take any useful avoidance action* Accident data have not 
yet provided more specific behavioral details* 

Research has been conducted attempting to relate perceptual 
characteristics and accident experience- Low correlations charac- 
terize most of these findings, and none demonstrate especially 
strong predictors. The apparent conclusion is that each phase of 
human information processing contributes to the driving operation, 
and can potentially contribute to an accident, although individual, 
differences of performance on each phase make only a small contribu- 
tion to the total accident problem. 

Perceptual style as measured by the rod-and-frame test has a 
demonstrated Calthough low) correlation with accidents. The test 
has excellent reliability, but administrative characteristics are 
not conducive to large scale testing. To be useful, a more face- 
valid method would be desirable. 

Although threat of physical stress is being developed as a 
measure for airplane pilot selection, application to driving docs 
not appear feasible* Hazard recognition tests also show potential, 
but currently have no utility since little predictive validity has 
been demonstrated. 

In summary, while perceptual errors are a major accident causal 
factor, the field of perceptual measurement appears to be only 
slightly useful for accident prediction. However, diagnostic 
potential may be promising for particular sub-groups with exaggerated 
perceptual problems. 

ACTION SELECTION (DECISION -MAKING) 

Poor action selection, or "decision-making,^' by drivers is also 
a major contributor to accidents. Analysis of data from multi- 
disciplinary accident investigations by Indiana University suggest 
that decision errors, especially false assumptions, are frequent 
causal factors in crashes. On-site investigations of over 400 
crashes revealed decision errors of various types were responsible 
for 36% to 58% of all. the human-error accidents. CHuman error '^as 
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causa^ 7Uo tc 80^ of the total accident ^sampleO False asstunp- 
tions by the driver were responsible for as many as 13% of the 
investigated errors, (Institute for Research in Public Safety, 
1973). 

Driving is a highly complex psychomotor task which requires 
sophistication in perception, action selection, and execution. 
In 1968, Ward Edwards, at the Second Annual Traffic Safety Research 
S>mposium of the Autouiobile Insurance Industry, spoke directly to 
the issue of re^search on decision making as it relates to highway 
safety: 

''Tlie relationship obviously exists and is critically im- 
portant. People pass on blind curves at 75 m*p*h. because 
they choose or decide to do so. They run red lights and stop 
signs because they decide to do so. They fail to believe the 
abundant evidence to which they are exposed demonstrating 
that they endanger themselves and others when they drive after 
ten drinks; that is, they fail to process that information 
properly." fE^wards. 1968) 

This sjction will review the research on the decision-making 
processes of the average driver (i-e^, rational driver proceeding 
in an unaltered state, not intoxicated, fatigued, retarded, etc.) 
that is applicable to the diagnostic assessment of driver problems. 



'^False assumption: This category applies whenever a driver takes 
action, based on a decision or opinion arrived at by assuming that 
to be true which in fact is not tinae. For example, if a driver 
pulls out in front of another driver who is signalling a turn, 
assuming that the other driver will turn before reaching his loca- 
tion, the original driver's mistake is properly classified as a 
false assumption. In this instance , the false assumption category 
is to be distinguished from inadequately defensive driving tech- 
nique, over which it takes precedence when the fact of a false 
assumption has been clearly established^ 

Additional examples of false assmption include assumptions that 
other drivers must stop or yield at intersections, when in fact 
they do not; that a vehicle is going to make a turning maneuver 
which it does not, and assuming that no traffic is coming when 

in fact there was traffic coming " (Institute for Research in 

Public Safety, 1973) 



194 



3-23 



Bvery driver must process constantly changing ''signals'' with 
optimal efficiency. He must receive inputs from both environment 
and vehicle, relate these to previous experiences, process the 
information, and choose an appropriate output behavior. Since 
much is unclear about the linlc^ in this chain of behavior, deci- 
sion-making presently offers little prospect as a diagnostic tool 
in an operational setting. Edwards concluded his statement regar- 
ding the implications of decision-making and driving with a simi- 
larly pessimistic view of prior research: 

I do not plan to talk about studies of drivers process- 
ing information aiid making decisions about driving. My reason 
for not doing so is sijiiple and compelling, at least to me: 
I know of only two or three such studies, and not one fits 
into an intellectual pattern that might point toward imporved 
highway safety." CEdwards, 1968) 

There have been at least three major reviews of research per- 
taining to driver decision-making processess, but none has reached 
positive conclusions. In 1966, A.D. Little, InCo investigated 
"driving as a skill." Little's review of this area was concerned 
with human factors as foiand in the man-machine system of highway 
driving, and limited utility was found in the research which was 
available at the time. 

'^Despite the importance of this area, very little useful 
information has been produced so far. Most of the effort has 
gone Into the development of instrumentation and other tech- 
niques, but many of these studies have been exploratory. To 
our knowledge, no one has produced sufficient data to establish 
his method as suitable for revealing useful, clear-cut, func- 
tional relationships, although some suggestive results have 
been obtained. 

"Some work has also gone into the study of sensorimotor 
and perceptual motor coordination as it applies to driving; 
but again, work here has not moved from the exploratory stage 
to the collection of useful datao Judgment Cin predicting 
when driver and on-coming car will meet, in estimating follow- 
ing distances and in deciding when to pass) is perhaps the 
best studied subject in this area. 

"A most complex^ but potentially very rewarding extension 
of these methods is the investigation of changes in judged 
or perceived risk compared with changes in actua-l risk* We 
have found no work in this area.*' CLittle, 1966) 



A.D. Little found the most promise in the assessment of driver 
judgments. However, investigations were (and are still) primarily 
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limited to the discrepancy between the driver's estimate o£ some 
physical dimension in the driving performance environment and the 
actual measurement o£ that physical dimension. Spedifically , 
there are three areas o£ psychophysical judgments which are dis- 
cussed by A. D. Little — distance between on-coming cars, following 
distances, and passing or o\'ertaking. Studies in each o£ these 
areas have suggested that drivers have difficulty in making 
accurate judgments of physical dimensions. None of the reported 
research was designed, however, to indicate a relationship between 
jadgmental Vehavior and accidents. 

Barrett et al . (1973) conducted an extensive literature review to 
anr.lyze driver training requirements for decision-making in emergency 
i^ituation?: . Their co^^ *usions, some seven years subsequent to those 
oF A. D. Little, also emphasize the scarcity and lack of rigor in 
re.;f:*arch relating to diagnostic evaluation. They adopted a limited 
per^^pective ^'perceptual information processing theory" to guide their 
^.urvey. They then identified specific techniques for measuring criti- 
cal dccision-Tnaking performance, and report four basic findings: 

(1) Xo systematic research program had measured a range 
of individual intrinsic (causal) predictors. 

C2) There were serious deficiencies in the criteria used 
in research studies. Accident- data were inaccurate, 
and systematically biased, rendering them "virtually 
useless/' (He also noted the fallacy of one mderlying 
assumption of such criteria, that both individual char- 
acteristics and accident involvement data will remain 
constant across time and across all types of hazards 
and situations^) 

(3) There was confusion between what he called intrinsic and 
coincidental predictors. He concluded that only intrin- 
sic predictors (ec^g., perceptual style) should be con- 
sidered for operational settings, and that coincidental 
predictors, such as ago, socio-economic status or marital 
status, are not very useful for problem identification. 

(4) Most experinJental studies reviewed used a postdictive 
validation procedure^ without true predictive validity. 



Barrett et al. were able to identify four "intrinsic predictors^' 
via this literature survey. Thoy are: (1) perceptual style; (2) 
reaction patterns; (3) frustration tolerance; and (4) attention. He ^ 
portrayed research dealing with these dimensions as sufficient to 
warrant further investigations and proposed a pilot diagnostic 
classification system utilizing available test instruments along 
these dimensions. 
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A review of risk-taking behavior and probability theory was 
performed by Solvik (1964). He reports a general agreement that 
risk-taking is a determinable psychological variable, although 
the instruments and techniques available to assess this variable 
are (at best) rudimentary. He also pointed out the abundance of 
confusion and theoretical contradiction in research findings, 
and proposed a broader perspective for future research. 

Generally, the state of the art of driver-decision problem 
assessment is characterized by growth in disparate directions by 
various researchers. These directions include the following 
general areas: information processing; risk-taking and probability 
theory; and driver judgments regarding psychomotor task requirements 
(e.g., direction, speed, passing, etc.). The results of the re- 
search often conflict. Much is still exploratory in nature, and 
diagnosis has generally been unsuccessful. There is also the con- 
fusion and difficulty associated with an extremely complex area of 
prima^v research. Basic research is needed, and applied research 
is currently of limited value. 

Perceptual Style and Decision-Making 

The report by Barrett et al. (1973) is one of the more compre- 
hensive works on decision -making performance in emergency situations. 
Their literature review revealed few studies even peripherally con- 
cerned with the area, and concluded that decision-making was, in 
relation to driving, an ill-defined construct. They proposed a defi- 
nition of decision-making based on the human information processing 
model, relying on psychological literature (both experimental 
and theoretical) to formulate his basic constructs. The compon- 
ents of the model are divided into pre- ^ cue and emergency situations. 
Pre-cue processess include the (a) stimulus onset; (b) identifica- 
tion of potential influencing event; (c) evaluation of alternatives 
in terms of future actions; and (d) evaluation of possible actions. 
'the emergency components include (a) evaluation of alternative 
outcomes of a critical event; (b) determination of actions; (c) se- 
lection of a response; and finally (d) executing a response. 

Using this model. Barret et al* then delineated the critical 
situations in which driver deci sion -making is especially important to 
accident avoidance or occurrance, believing this taxonomy to subsume 
70% of all highway accidents. These critical situations include; 

1. Passing 5. Tracking 

2. Following 6. Gap acceptance 

3^ Laterally moving vehicle 7. Intruding approach 
4. Laterally moving object 8. Skidding 
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Barrett ©t al * then identified tour 'Untrinsic predictors*' of driver 
decision-mking which suggest techniques for measuring critical perfor- 
mance: 

1. Perceptual style (the ability of an individual to extract 
relevant cues from a driving scene); 

2. Reaction pattern (the relationship between perceptual speed 
and motor speed); 

3^ Frustration tolerance (the ability to control hostility in 
frustrating driving conditions); and 

4, Attention (.performance under conditions of task overload and 
nonotony) 



Siuco tests of perceptual style had previously exhibited low common 
variance, Barrett et al* proposed that the four intrinsic predictors might 
be combined into a single battery, which could function as a diagnostic , 
classification system. 

Critical situations were defined as singular rectttirements of the 
specific performance measures. For example^ a situation such as ''passing" 
might require particular combinations for urban, rural, or thru-way 
conditions^ These conditions might be further defined by day versus 
night driving variables. The specific dia^rtostic instruments which 
Barrett et al* isolated as pertinent to the measure of decision-making 
along the four predictor dimensions are presented in Table 3-3* They then 
proposed training to modity behavior in these critical situations, and 
dovelol>mont of a cost-benefit evaluation model of the training materials* 

This review and proposed pilot diagnosis/training model represents 
the most comprehensive effort encountered in this survey. Cost factors 
and operational feasibility as presented by these authors are persuasive; 
hut as they have pointed out, these concerns need verification in a 
diagnostic setting^ ultimately by valid accident data. 

A much publicised study by the Franklin Institute Research Labora- 
tories (1970) attempted to measure the ability of drivers to judge the 
speed and distance variables that cliaracterise the driving situation, 
as well as the relationship between these variables and the decision to 
pass. It was found that all the drivers were generally poor judges of 
decision parameters . In both sight distance and on-coming car distance 
judgment, subjects tended to over estimate short distances and under- 
estimates long distances. Distance judgment was not strongly affected 
by night conditions or inclement weather. Franklin Institute concluded 
that passing decision-making is generally unreliable and approximately 
5% of the passing opportunities which driver subjects accepted would 
be objectively characterized as ha^ardous^ The results further indicated 
that drivers vary across a wide range of reaction times and respond 
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TABLE 3-3, MEASUREMENT OF DRIVER DECISION PROBLEMS 
VIA 4 "INTRINSIC PREDICTORS" 



PERCEPTUAL STYLE 

At the abstract end, two measures of perceptual style appear to 
hold the greatest promise for accident research. Series 3 of the 
rod-and- frame test (Barrett § Thornton, 1968), and the three-dimensional 
embedded figures test (Williams, 1971) have the highest reliabilities 
and the strongest relationships with accident involvement. At a some- 
what less abstract level, a series of filmed segments (either still or 
motion) of real traffic situations of varying complexity could be com- 
posed to run about twenty minutes, and a standardized scoring system 
developed for the driver's identification of pre-defined salient cues* 
At a real-world level, the driver could be placed in a driving situation 
in actual traffic (either a closed track or on-the-road) and be observed 
while required to provide a running verbal commentary on those events 
in his own driving environment which he sees as likely to influence his 
own driving* 



PERCEPTUAL-MOTOR REACTION PATTERN 

At the abstract level, this construct appears to be most related 
to driver decision-making through measures of either the spiral maze 
(Gibson, 1964) or Reuter's ADM (Adams ^ Cuneo, 1969). The ratio be- 
tween simple reaction time and limb movement time on a standard 
reaction timing task would provide a measure somewhat closer to real- 
world conditions. During actual driving, an instrumented vehicle 
could provide measures such as braking responses and steering wheel 
reversals. 



FRUSTRATION TOLERANCE | 

I. 

In order to measure this construct under laboratory conditions^ a | 

simple reaction time task could be usede, A simple response to a simple * 

stimulus would be learned until both xesponso delay and response inten- \ 

sity had become stable. Following this achievement of stability, vary- § 

ing degrees of frustration would be induced on the subject, and increases | 

in variability of both latency and intensity of the response would be ^ 

measured. Under real-world conditions, observations of a driver's I 

steering and braking responses under frustrating driving conditions g 

would provide the measure. I 



Source: Barrett et al . (1^73) 
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TABLE 3-3 (Continued) 



ATTENTION 



While the con-struct ot' attention is Xogically appealing and 
conceptuaUy of potential value as an individual predictor o£ ac- 
cident involvement, its usefulness can only be analyzed after a 
careful j^rocess of conceptual and operational definition and 
:id^litioaal empirical research. 

At an abstract level, this construct is possibly best 
meaiSured by G.S.Rn (palmar method) activity under both low and 
high information environments* At the real world end, observa- 
tions of the number of responses made by a driver in low and 
high traffic densities could be used- 
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unsystematically to distinct cues in the environment. This suggests 
that perceptual style idiosyncrasies within the normal driving popu- 
lation Hiay have potential diagnostic utility. However^ the study 
suggested that providing a driver with factual knol^^ledge of his 
critical situation (feedback) did not greatly improve his judgmental 
accuracy, "In general the results indicated that drivers cannot per- 
ceive and integrate the informatian necessary to arrive at a safe 
and reliable passing decisions for the range of conditions considered." 



TTiere is some indication that performance training with feedback 
may improve passing judgment C^ucas et al,, 1973). In a study currently 
in progress CQuenault, 1974), drivers in five countries (Federal Republic 
uf Germany, Italy, Sweden, United Kingdom, France) are being evaluated 
(via field observation) on their overtaking behavior^ Generally, a 
substantial proportion are ''non-safe overtakers/' who proceed on 
the ba.sis of a relatively low level of information. Non-safe overtakers 
appear to use their rearview mirrors less, drive at higher average speeds, 
drive with greater variations in speed, and commit more frequent driving 
errors. Further analysis is underway to determine the relationship of 
perception, comprehension, decision, and action execution in non-safe 
overtaking^ One of the most popular constructs related to driver 
decision-making is risk-taking. Gumpper and Smith (1^683 synthesized 
earlier risk-taking itemsj and consolidated them into a test for drivers, 
but were unable to discriminate high and low accident truck drivers • 
Rockwell et al . (1967) have combined some of the more common viewpoints in- 
volving dec is ion -making and driver performance. They found that information- 
seeking reaction time and risk-taking (^'risk acceptance*^ are associated. 
Using a "risk simulation,*^ a large portable console with a variable speed 
arm equipped to administer shocks j they determined various risk-taking 
propensities in relation to degree of information-seeking, ITieir a^sumn- 
t ioji was that risTc could be a primary determinate in any decision diiriiif^ 
driving, i.e., ^^Wliere no chance of failure exists the only decision is 
whether there is anything to be gained from completing the action." Tlicy 
report that high risk-taking and information-seeking behavior are related, 
and that low risk-takers ieck the most information (r=.66)> suggesting 
that training to modify informatLOn-secTi.ing behavior might be useful, even 
if training to modify risk-taking behavior is not. 

The research community has generally viewed risk-taking as a unitary 
construct. Solvic (1964) after an extensive survey of the literature, 
suggested that a multi-dimensional construct was needed. In this re- 
gard, Jackson, Hourany, and Vidmar (1972) proposed four hypothetical 
risk-taking constructs: monetary, physical, social, and ethical risk- 
taking. Specific personality measures were then constructed. Correlational 
and factor analyses were performed, which these researchers belive 
provide support for their four-trait model of risk-taking. 

Another model has been proposed by Haight (I9723> with ten paramctei:; 
representing the experience of drivers in complex traffic situation:-. 
Primarily a mathematical model, it postulates that drivers observe 

3-30 



20i 



danger imperfectly at specific times. It suggests that drillers pass 
through hazardous Situation A, which may or may .not hold the potential 
to become a dangerous situation, into hazardous Situation which is 
recognized in relation to Situation A. Thus^ drivers are portrayed 
as proceeding in a decisional-behavioral dimension. While theoretically 
intriguing, the model has little empirical foundation. 

Other risk-taking research has been based on experimental work (e.g., 
Cohen et al . 195^Sl which indicated that actual skill and perceived 
skill are important components of risk. A series of hypotheses and 
experiments were conducted by Cohen et al. (1^68)^ requiring subjects 
to make distance judgments and drive between two posts. Before attempting 
the ta<^k, the driver was asked to tell the emperimenter whether he 
though he could niake it between the posts^ and how confident he was 
in his judj^ment. The test can be conducted either by the experimenter 
moving the posts closer (or farther away) in set increments^ or allowing 
the subject to move the posts. The test is easy to set up and administer^ 
although the necessary repeated trials are time-consuming. Reliability 
data have not been published.^ These authors concluded: 



*Ut Is perhaps most accurate to look at all decisions made on 
the road as containing some degree of accident likeliho,od. ITiere 
are no safe drivers^. But, some decisions are more likely to re- 
built in accidents than others, A continuum of decisions with 
decrees of Occident probability rjmging from low to high provides 
"i conceptual picture of the situation. The no-accident group^^ in 
our experiment exhibited decision-making habits which tend to place 
them in situations in which accidents are less likely to occur. 
Accident groups seem to place themselves in situations of greater 
di fficiilty and hazard. 

*^Our experiment has indicated rhat driving skill in itself 
does not seem to be a distinguishing feature between accident 
and no-accident groups. Findings also demonstrated the fallacy 
of the belief that accident drivers love to live dangerously, 

*'While both skill and risk-taking may certainly be factors 
in accident likelihood^ our experiment indicates that no one simple 
factor is involved. What is most important is the way in which 
the driver combines several things--*his actual skill, his Perceived 
skilly the perceived driving situation^ and his willingness to 
act. Drivers with accident histories tend to combine all of these 
elements in such a way that they land themselves more often in ex- 
p erimentally hazardous situations." (Cohen and Preston^ 1968) . 



A siiailar technique was employed by Zwahlen (1973). 
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Othor ^ireas of driver dec i 5ion -making have also been investigated. 
Judgment has been assessed (Fine, Malfetti, and Shoben, 1965)* by a 
relatively simple multiple-choice pencil and paper instrument which 
diagnoses problems on the basis of knowledge questions dealing with 
performance in critical-situation environments • The test, called the 
Columbia Driver Judgment Test , is a collection of driving behaviors 
analysed by tlie "critical incident technique." It was developed by 
systematic analysis of experts* objective descriptions of good and bad 
driving. In a contrasted comparison group of extremely good and ex- 
trerncly poor ^urivers, mean scores significantly differentiated between 
th9, groups at a p<*001 level of significance. The authors suggest the 
test has applicability in training or retraining drivers* They point 
out, however^ that additional validity studies and norms are needed, 

iJuenault (1969) developed an in-car observational method for as- 
.^ossinvj driver performance and related this to decision-making on the 
part the driver^^ Drivers were classified as "safe, injudicious, asso- 
ciated-active and associated ^passive/' Using various instruments to 
Validate these classifications Ce*g*j a reaction time stress test, a 
Iwo-hand coordination test, a picture board test, and a compensation 
apparatus test)^ Quenault arrived at the following conclusions: 

(1) Informatioji on actual driving behavior imder normal traffic 
conditions can be provided in the form of diagnostic classi- 
fications ; and 

(2) Information can be and should be correlated with personality, 
intelligence, and attitude measure^; as well as scores on 
various test instruments. 



fn a subsequent investigation of this hypothesis, Quenault (1971) 
found no statistically significant relationships between test and 
performance measures. 

In sunianary, current research suggest tlmt valid and reliable measures 
of decision-making in driver perfonnance are possible, Barrett*s work, 
described in some detail, has provided an apt appraisal of those aspects 
of decision-making and information processing which seems most relevant 
to future research. Exploration and analysis of decision-making in the 
driving environment could suggest improvements in the vehicular environ- 
m.intal dimensions of the traffic System, as well as further research in 
human factors, A particular problem mij;ht bo reduced more readily b> 
improved highway design or signage^ than by assessment of risk-takin?^ 
or perceptual propensities. 
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Consequently, the diagnosis of decision-making problems encountered 
by the average driving population does not presently offer a viable 
approach to the evaluation, sanctioning, or subsequent referral of 
vehicle operators. 

ACTION EXECUTION {DRIVING PERFORMANCE) 



This sectio: will review the techniques which have been experiment- 
ally dt;voioped to assos*? actual driving behavior. Those few performance 
rutiasurtiment techniques currently in operational use for driver licensing 
ri?s^3s:nent are discussed in Chapter i. Tlioso included here are still 
i^jn^iilered developmental. This section has been grouped iftto the 
fuiluwii.v^ categories: 

© Driving Simulators 
0 Instrumented Vehicles 
o Observer Rating? 
Q Solf-Report Techniques 

L*riv1n(i Simulators 

',Ltionai Conference on Driving Simulation (1961) reported on the 
nottntic^i use of driving simulator^: 

"Driving simulation offers important long-range benefits to 
U'affic safety through research, training, and driver testing, 
.^Vi,iB authorities believe that stepped-up research, aided by simu- 
lation techniques, eventually will lead to a breakthrough in the 
reduction of accident rate. All are agreed that research csm pro- 
duce substantial benefits, aiid that the critical importance of high- 
way safety in our social and economic life justifies the employment 
of all available techniques \vher^ applicable>" 

Wiener (1972) sujmnariaed the problems that driver simulators were 
desi^^nod to solve, and the problems they have created: 

'^On-the-road testing possesses a high degree of 'real world' 
validity, but it also carries severe methodological drawbacks: 
high cost, an element of risk, and the impossibility of controlling 
conditions of traffic from one run to the next. Driving simulation 
hopefully offers the answer. Simulation provides a compromise be- 
tween the rich realism of the street, and the control and safety of 
the laboratory. Unfortunately, the high cost is also a problem 
here, as it is one of the paradoxes of automobile research (com- 
pared to more complex systems such as aircraft or missiles) that 
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so much money is required to simulate a 3000-clollar system* But 
i£ the researcher is willing to sacrifice some fidelity of simu- 
lation for lower cost, there are solutions* Research does not 
necessarily require the elegance of a high fidelity and high cost 
system ♦♦♦♦Minicomputers which can drive large scope displays 
provide a possible answer, and their price is still descending. 
The experimenter must simply decide that he is willing to trade 
off some fidelity of simulation for lower cost equipment ^♦.'^ 
(Wiener, 1972) 

Barrett et al. (1973) have provided an extensive review of the 
literature of dtiving simulator development* They would add to Wiener^s 
conclusions that the main issue includes not only whether to ''trade 
off some fidelity of simulation," but also to decide which part of that 
fidelity to give up, since some cues are crucial to a valid simulation, 
while others may be irrelevent* Their lists of research summaries are 
presented here as Tables 3-4 and 3-S. Scanning these lists, the great 
variety of simulator types for different research purposes becomes 
apparent (as well as a paucity of fidelity information)* These re- 
viewers reached the following conclusions about future simulator 
research : 

1^ ''Outside-in'' simulators, i^e., those in which a model car, 

viewed from the outside, is controlled by the subject, should 
not be considered for future simulator research*'' There is 
no evidence that behavior in these ''simulators'' is related 
to any real world driving behaviors ♦ 

2. Present methods used to establish. validity have not been very 
successful^. Transfer of training data (e.g*, ease of learning 
subsequent in-car tasks) is not an acceptable substitute for 
validity, since transfer is affected by a variety of indivi- 
dual differences* More validity research is needed* 

3. Studies of drug effects should be curtailed until simulator 
validities can be established*. 

^♦^ "The scientific equivalence with real world driving must be 
specifically discussed, presenting detailed fidelity and 
validity inforniation*" 

$♦ New simulators should employ some motion cues. 

&♦ "The research should attempt to determine person or equipment 
characteristics which effect the performance of the total 
driving system*" (Driving simulation should be viewed as 
a man-machine interaction, rather than just a machine* Rela- 
tively few machine-made cues need parallel the actual driving 
experience, for the man-machine interface to operate the same 
as in actual driving. The degree of this behavioral similarity 
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TABLE 3-4. AUTOMOBILE SIMULATOR RESEARCH USING 
INSIDE-OUT VISUAL DISPLAYS 



Ef fectj of druqt 

Cr*nc<r, DHle^ 
:el^Y, Wallace, 
I Htvytn (1969) 

Drew, 

long 



Johaniion , 



Kelpir 



(1971) 



J^pm of SlnHjUtor 



f Ixed'biie 



Unprogr«Mn>9tl; point 
light lOur^; r«Ar 
proJecUon; fixad* 
ba » 

Kight time ilnuli- 
TOr with glnrcHght 
and itiovtng target* 

TV 



Saridrt Is * Lewli 
t P.itere (1370) 



Ufiprog r. 
virtual I 
f Ixed'OAie 



Optical dliPlav; 
re«r projection; 

UnProgratmd; point 
\ \^Ut lourc*^ r««r 
proJlLllon t fixed* 
b«ie 

OptlcA^ dlipUy, 
re«r projectvd potnt 
tight lowfcei fixed'- 
bale 



B«rrettt 
KobavAfthl t 

FoK (l*^68bl 



B*rr»tt t ThorrS" 
con (1968); 
D«rr«CC » Thom-- 
con c C«be (1969) 

Cai*« Hulb«rt, 

(197D) 

OuggAr, Young, 
Bi^droii* ^ 
K«hCer (1969) 



HoikovACt Pour 
I 5tlk«r 



Unprogrikfffiiad; TV 
projected Imoge^ 
f ixed^baie 



Unprc>gr*inh«d; TV 
projected t vlrti^At 
Image; f Ixed- 



Pro^raiiMd f(N; 
f (x*d-b«i« 



Unprogrtmtd; point 
1 Ighi lource; re«r 
projection; moving 
se«T 

ProgrMMid ft tm', - 
f (Ked'b«i« 



Sheridan t PoUnd UhPrograiMMd TV 
(1966) projected iniag«; 

ftKed'bAie 



tffect of Mert" 
Juana C ,it(M>o] 
on d r t V I ng 

Atcohot c Iniro'- 
verted t extro* 
varted driven 



Effect of «ifoklng 
upo<i detection 
ttiMfi In nt9hC 
dr^ v1 ng 

Alcohol I traffic 
1 Jght control fed 
i nCer'ieet ton 



Effect of alcohol 
on paiiing 
bah Bvtor 



Effect of alcohol 
vpM* driving 
0«rriirmanca 



Variable Maaigred 



Errori In ipf^d> stear* 
ing* brAkA^ accelerator 
and I [gnat 

Tracking; ipced : 
Jterring; accele" 
retor 



Detection time 



Acta 1 era tor; 
Steering; brake* 
ipeed; 1<Mgltud* 
Inal position 

CKC; accelerator; 
brake: ipeed; 
lateral poittton 



Stearlngt eccelar* 
ator: brakB 



Ftdatlty Information 



Cffecti of Alcohol VUual angle at 
on detection of low detctfon 
contrast moving 
target 



Driver behavior 
di^rlhg emer* 
gencv 



Emergency behavior 
ahd P^rcepti^al ' 
Stvte 



Fatigued good t 
poor habit drivers 
Ih emergehCY 

Leeming ikid 
control tn ilitm'- 
latlon ahd real 

MCK^Id 

Dri ver react Ion 
to vnergehcy t 
tranifer of train- 
ing to real ^rtvtng 



Speed; brake; 
St«ertng ; lateral 

longUi^dtnal 
poiltlon; pedei" 
trlah posltloh 



Speed; decalaretlon; 
brake; GSft; driver 
error 

Stopptng dtitance ; 
Pvlo'^i hi 1 1 ipl n~ 
outs ; humber of 
trlati 

Stopping dlitance, 
iteor1hg> Pi^lSe reyw 



Vehicle control In Sterred path 

reiponSe to ludden* efter obitacle 

1v amerglng obita* epwrgenco 
del. 



IllUhlnatlon; ipeed 
of target 



1 1 1 imPnattOn contrast * 
f 1 1 *d of vlc¥ 



I nmelnat Ion; accol^ 
oration; iteetlng; 
vliual tfigle; field 
of vtew: \rls1bt 1 ■ ty; 
ipead; braklhg 
(Barrett £ Wclion, 
l9fiS; 



Field of view 



Hone 



None 



Fie Id of view* 
\rliual ahgle 



Source: Barrett et al. (1973) 
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TA3LE 3-4 (Continued) 



Aarr«tt, 

Fox (19681 ) 



Hltiunua 



S4I va tor< 



Hu1b«rc 




Croi stnan « 
Szoitik, C 



Edwirdi , Hihn t 
t FleUhmon 



O970> 



UnprograiW^d; TV 
projeetad t vl rtu*l 



Unprogriicjwdj TV 

51 lent mdvli Fl Im;. 
MxAd-tias« 



Pregrooiud fl liuj 



Progrormnd fl lot; 
F]x«d*bii« 



Fl K±d-bas± 



IMProgramniod; 

rear projCc\ . r.n : 
f i x^d'biie 

TV noni tor wl ih 
cOrti>(ru(er genercited 
Une marktngi; 
Fl wti 'haia 

Unprogrwnnod ^ point 
) 1 ght source ; reir 
frroj^c^ ^Pn : Fl xed- 

f lK«d-b«»« 



Unprogramnod ; point 
1 Ia*^t sQurc*; rdJr 
proJ*ctroni ftxed- 
biia 

OpttCal dliptav 
fmmr prpJ«ctlQn: 
rnovlng bcHi : 



with two drF^ 
fcrent dJsplayi 



5p«ed Judgfhflnt 
ind perceptual 
itvl* 

Spaed eitlmatfon 
in raal end 
1 t(n;lated 
dri ving 

Sp»«d Judgment 



tffrci of ftwtov- 
Ing cutti uppn 
sp±ed judgtaant 



P^rformanCd of 
VdLtnger and 
Plder dri van 

Qt f fa rnntf aUng 
pmb lam * nor*" 
proKlcm drivars 



1 ri^»^-riaice<t 
d ■ , 



Cc^i^Parl son of 
real -jot id t 
1 1 nu la rud 
sCre f ng 

Perforn^nc* 
durln? rior«al 



F^arfantunaa pf 
taxf drlviarf en 
two dl ffcrdoi 
ilmutitort £ 
city drlvrag 

Ae^t V'orld and 
St Minted 
drivtng behavior 



Pass ^n^ 01 a f unc* 
tlo« of 1 1 lum(«fl- 
t Ion* veloel ty , 
■vahtcta 1 tghttng^ 
t t*n*llght ton- 
FIgurat loni 



Varlab1a» H«aiur«d 



Spead 



Sp««d 



Ahgulpr davtatlon 



Spdad; hraktng 
force ; icaarlng ; 
«Cc«ter{tCor 

V«lo^lty «sMcMtton 



Sf>«4dt aC4:alar«tlw$ 
braka; br^othlng rata; 
GSRt sta«ri ng 

Errors In it-Vad, -^t«Ft 
li\gt braka, aaaci ft 0 
aCcAlarJtor And 
ill ^1 



Htaorl rg whaa 1 
mvnwnrs : sne«d ; 
Ur^kfi; r^ccalarnCnr 

Staarfno, tFn* (?F* 
t«rgf t 



h««rt raCa ; sprad^ 
itac rtng 



Errori In ipaad^ 
vtaerlng^ brMklng; 
t s I gni \ s 



Stoarlng r^ycMals; 
spoodt ipticd ch«nga 



Aamedlat action 
distance^ rate oF 
(ranS latlon i 
mad 1 a 1 M 
croii tng ; latara t 
dlst^nc^ 



Ftdallty Informattorr 



1 1 1 wilnat Ion t acaol* 
aratlnni iCesrlng; 
vrsual onglal fJald 
ot v\*m; vis tbi n tv: 
sp#ad; bfaking 
(l)«rr«tt t Halion. 

mi) 



rto(%e 



vi*id oF vi«w 



Fl* It" nF view 



VliibHlty; f laid 

vit/nt; Speed ; 
I. trarl ng 



Dynamic response 
t^i itaarlng systam 



Hona 



f latd of v\m; 
f 1 1 uinf nation 
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TABLE 3-4 (Continued) 



Author 

H«ttrlki*eint 

Anderson 
Hqary (1971) 



UbjclU 



Ctctn<ktr 



Krlkfer 



0570) 



LI gilt lour.ce 
with rotAry tam^- 
(lunti from itecrlng 

f f<>grafim3d ft Im; 
f[Med ^^&Bi Rear 



ProdUtlon of 
drlvor t««mfn<j 
from %\tw\etor 
perfor«uncti 

Conparlion of 



proJect]«ti with rotary t% training aldft. 



Prograinfidd filth 
Flxod-b^fe; alio 
f\ Im with moving 

Night tlna ili^la- 
tor with glarol Ighc 
end inovli>g t«rgat; 
Mxftd'baio 

TV nodlcor; 
novtfig 



ProgrARVk^d f\ la; 
f Ixod'baftc 



Unprogracnined t 

TV projected loag«: 

niovlng b^is 



Deicrlptlon of 
itntiUtori and 
roal-world * 
forcAf 

Raoov«nr ilita 
aftor gl»r« 1^ 
real end itimr 
lated driving 

DliPloced vfilofi 
and accuracy of 
driving 

Perfonnanta of 
racing S ordinary 
tntorl iti 

Pcrfonnanc« At 22 
ildhJletod inttfr- 
i^Ctront uilng an 
tieccronic Ro^tte 
Gul dence System 
tnforPVitfi>i L^ad 
t'litance (iLD) 



Variable Hfeasurad 



Angular davlaclcw 



Initruct^oo tline 
roqul red to peis 
driving teat 



Acceteratloni 



Detection time 



Steering accurncy 



faction Ctme 



St««r1nq; braked 
accelcrnCor; CSR 
peakii hFiArt rnte^ 
erroi^s 



FldielTty Infotmtion 



Angular acceleration 
(Hanrllctton, prytar, 
111 liion C Anderion. 
1%5) 

Mone 



Field of vlet^j 
velocfty; control 
funct loni 



Illumination; ipaad 
of cafget 



None 



Hone 



Field of v\c^\ 
niotlon 



Othgr 

Smiths ^apUpf 

St^lXh, Kaplan, 
t h*o (1970) 



ttorrU 



U4 I dra« 



Vhdacon, 
KinfloH, I 
Krucsi (1?6€) 



Weir 0?70) 



TV rnonltor, flitad* 
baiA 

TV monitor «1th 
v1d«ottp« of 
roed; flxttd-baie 



PrograMdt point 
Hght vMtr^t ra«r 
projection, wtof 
ba3«* 



ftetr proJact«d 
ftlmi flicad-b«ia 



Optical dlipl'ayT 
rear projection; 
moving balte; 
ffoving t«ec 



^rtprogranned; TV 
projected Image; 
f I Med -"bate 



Steering 



Effects of steer- 
ing foadb^k 
dAl4y4 on team- 
ing of driving*' 

Effecti of driving 
tlaot MOU*tlc^^ 
nolte «f>d task 
C0Bf\wlVf on ■ 
pArfonmsAi 

£y« n»vem«ntt 
whHe driving 
at night 

Validation of 
part-tatk driving 
^ilnutetor / 



Overtaking, 
peiting, i c&r 
following In 
field ^ ftlmglator 



£teorJn9 cffor 
evKl velocity of 
M)v«4nonta 



Trwking errOr* 



Eye 



Refatlvo velotlty? 
renedlal action 
dtetencAt Medial 
I ine croii1ng> rate 
of tranttlatlovil 
lateral i^paratfon 
at toro headkray 



Staerlngi accelora' 
tton( heeding rata 
I angles forvard ( 
lateral velocity 



Mooa 



n»1d of ^tm* ^epttt 
of focMi wovat n t of 
tlw tlwiator 



Field of 1 llu- 

ffllhatlwi; vlaual 
•nglai roidw ical* 
f^ctort; velocity; 
depth of focut: 
tteering ftfictlont* 
contml f««1l eceal' 
•rotor; MUful; braking 

Field of vlavt; tight 
diittnce; control 
funct lofti 
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TABLE 3-5. AUTOMOBILE SIMULATOR RESEARCH USING 
OLfTSIDE-IN VISUAL DISPLAYS 



Author <i) 
Effflcti of CrugJ 

D«(tock (t967) 

Krfitorforicn 

Cormack 



Type of SlnnjUtor 



Ho<>flt car on con- 
1 1 nvoui rutrbar 
bAk; ftxed'bAia 

Hodot cAr on 
contlnuout rubber 
b«U ; ft ^^vd-'bos^ 

Poiftttr raovod by 

1 rn« ch 0A« o^ 
FJve horlzonC*! 
Il^bti ; f ]Md^b«i« 

Hl/tt«tur« car on 
ocntfnuoui mvJng 
bolt ; f{K«d-baie 



FldaHty infonMttoft 



Effect of sniokJdq Tracking ^rrort 

upon driving apend: br*k« reec- 

errora tton tine; vigiUnce 

£rfoct Qf <)ui*cCtdn Tricking accur*cyi 

And Atophol OA braking reaction Xlm 
drWlng erfofs, 

Effocti cf drugi Crrori In fnovemnt 

on driving 

behavior 



E//ect of «(cohot Araks reaction** 
on driving par* tltne to reTaato 
fomancs acca tarator: iltnt 

on road: trip tin 



iOOmli 
V^it 



Marquli ct a1 



hoda) car on moving Effect of c^lorpro^ Tracking accora<:y 
ny\on b«1t; ffxad^baso tnazlnai brake rMCttort 

Secobarbital , t Eb« 



Nona 



Model car Oft 
, con t ififO'ji rv 
b^t-t; fUt4 b^Mt^ 



neprobonata t 
phena^lycodol on 
driving arrors 

ffcct of neprobro- Tracking accorftcyi broke *flre 
mate and elcohot on reaction ttme> &peid 
driving efrori* judgement. 



ooi ^oriveVor L«lt; 
f I Me^'tiaie 



f I r^M t,X 

c d*Y end night 
firl vl nq 



Tfact^lng 
perfomanco 



fVo«(|w«y and <^1ef« 
1 1 1wilnatlon 



Uir ii\ 1 \cr 

(19$0) 



Uhr« Pollard 



^Vjdet war on 
cont ,f uou^ rubber 
bolt * Mxttd-baTa 



Hod* I car on 
contlnuoul robbor 



£^ I ( *tf6ia and 
^probron^t4 on 
^rlvln9 errori 



Tracking accurn^i 
brake reaction t]tnt 
ipeed Jwfg^mont 



Effect of m^ro' Trucking ac^orecyi 
bamato and trtft4lij]1 t ip«od Jij40vR«nt 
on dri ving ef rori 



Mono 



Mone 



Other 
Cor r la 



l^odal car on tracAf 
ftMa<t-basa 



Porcopt Ion of 
tJanger a« ratitad 
to r«a<:tto«t tlni 
i aecJihttit rccordi 



Initial br«ke 
raactlon tliM 



None 



Ifajnttra 



K^lMAtra^ 
£ningit«df 4 

Otttock (1 967) 

Johnson I 
Latiar ll337) 



Control ol«inenC on 
contlnuot/i rubb«r 
b«lt; ftxe<f*basa 

Hoda I car on con- 
tlnuoua rubbar 
bait; flKtd- baia 

llodct car on con- 
cinuou* )aath«r 
bale ; f I Kad'baia 



Effect of ittreii 
upon driving 
arrors 

Relationship 
bttwaen ^nood 
driving performance 

Effect of ona 
ertft UPocX driving 
Arrori 



Tracking error; 
fcpeod; broka reac- 
tion tins; vtgl f«nc« 



n«acUoft to aij<}Ut>r/ 
itlfmt^ui; tracWfngt 
ipt4d of cofflplctlnO; 
obiarvattcna! arrori 



Hona 



Source: Barrett et a1 . (1073) 
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TABLE 3-5 (Continued) 



>1ortlmar 
(19^7} 



Type of Stnmtfltor 



fllnUi;ur« car on 
moving bait; 

i^\i-i\attira car on 
BKiv*fi9 balCi 
f iMd^biSi 

r<tfor«nc« to cant«f 
crois^holri on CRTi 

Cursor on continuous 
conveyer bolt I 



Pfl»earch_FbciW 



Efftct of 

«nd rcit p«ttS«s 

StnuUUd dnd 
real ijiorld drlvJn^) 
pArformsnC^ 

ViSUt] CAMS u4«d 

In driving 



Effect of glorss 
upon trucking 



Variables MsASured 



Qrak« reaction; 
tot^t trip time 



TrtiCktng 
parfomwncc 



rideljt^y inforo<tJon 



None 



RotdwtV i glare 
[ I lumlnttlon 
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represents validity ..^ "Autombile simulator research has been 
almost hopelessly muddled by unnecessary pseudo-complexity.") 
CBarrett et al. 1973) ^ 

Most research studies which have attempted to correlate driving 
simulator performance measures with either on-road performance or driver 
record criteria, have met with little success, Harano et al. (197 Z) , 
whose study employed hundreds o£ variables assessing driving record, 
personality, attitude, socio-economic, perceptual, psychomotor, and 
simulator performance measures, reported that on cross-vAlidation none 
o£ the psychomotor or simulator performance measures were found to bo 
significant predictors of accident liability, when employed in a re- 
gres5ion equation with variables in all other areas of driver assessment. 

Kdwards et al. C1969) report similar findings. They assessed 
on-road performance, performance on two different simulators, and percep- 
tual-motor skill performance for 300 taxi drivers. They report that 
assessment measures from either simulator did not correlate with road 
performfince. Finally-, none of the various performance measures corre- 
lated with official records of accidents and violations. One possible 
explanation of these findings is that, since all subjects were taxi 
operators, they were all, presumably, well experienced. Performance 
Pleasures may seem more applicable to novice drivers, where a much greater 
proportion should fall below minimum skill-level safety standards, and 
variation in performance should be greater. 

Similarly disappointing findings are reported by researchers studying 
driving simulators as training devices. Nolan C1964) compared students 
trained in a simulator and on-street versus a multiple car range and 
on-street program, and found very little significant difference. 
Custafson C1965) found driver range training alone superior to combined 
simulator and range training, when range te^t scores were used as a 
criteria. 

Despite these currently negative findings, driving simulation still 
appears to have a useful future in both training and testing sitxiations. 
Hulbert and Wojcik, (1972), discuss the lure of the simulator for the 
highway researcher: 

"Simulation is used in highway and traffic safety research for 
the following reasons: 

1. It is safer. 

2. It is more economical. 

3. It may be the only practicable way tocreate conditions 
that are controlled enough for research purposes. 
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"The must intriguing and important aspect of driving simulation 
is the capability of studying research variables in a systematic 
fashion and thus determining their effects on driving behavior. For 
example, in a simulator it is possible to change road configuration, 
reduce perceptual cues, alter steering-gear ratio, vary steering-force 
gradient, induce mechanical failures, intit)duce a talkative passenger 
and obsorve their effects on th'^ driver* s performance* These variables-- 
the road, the vehicle, and the social situation- -can be manipulated either 
as single elements or as patterns. Such research is needed to under- 
stand the total Jriving process and especially to understand what con- 
tributes tc successful driving and accident- involved driving." 
(Hulbcrt and tVojcik, 1972) 

it must be concluded that driving simulators hold some promise as 
u rjicdns of assessments Additionally, the development of valid simulator 
^echniquOi should provide much needed clarification about which of many 
i ^ctaiTial ^stimuli are actually relevant to the driving task. If and when 
-X truly valid driving simulator is built, then a low-cost, reliable 
and accurate means of assessing driving glcill across a very wide variety 
oT traffic situations would be possible. This would allow the accurate 
exclusion from the driving population of al l drivers who do not possess 
sufticlent driving skill to meet minimum saTety requirements* (At present 
^.t ^'..Ltiot even estimate the size of this sub-population, since we can- 

:ucurately assess performance, nor accurately determine minimum 
jate* \ requirements* ) 

Although there are many indications that driving simulators will 
t^como a valuable assessment tool in the future, they currently liave 
iittie utility in an, applied assessment setting:. 



Another development could further aid the accuracy of this assess-^ 
ment. Several researchers, Ce-S-j Pox and Lehman, 1967; Kroll, 1971) 
have attempted to create mathematically accurate computer models of drivin 
behavior* At present, these computer simulations reflect relatively 
simplistic and non-typical driving situations and behaviors* As develop- 
ment of these models becomes more complex and typical of highway condi-- 
tions and performance, computer simulation could become a m^ajor tool in 
many areas of highway siifety research C<^^g-j analysis of traffic flow; 
highway design features, driver problems, etCo) 

In the area of driver assessment, the model might prove nseful in 
interpreting a driver's test performance (measuring various performance 
parameters) and extrapolating (applying his parameters to the computer 
driver model) to vast ranges of real-life diiving situations, allowing 
more precise estimation of real-world accident liability* Numerous 
other applications of computer models to driving performance are also 
possible. 



3-41 



Instrumented Vehicles 

Most of the literature on instrumented on-road vehicles involves use 
of some form of the *^Drivometer^* (Oreenshields , 1963), or the Highway 
Safety Research (HSR) Car (Aaron, 1972), In Canada, work has been pro- 
gressing for five years on the development and use of instrumented vohi- 
cles (Sewell and Pcrratt, 1975). Other measurement systems have been 
developed but are not substantially different, nor have they been used 
as extensively as the Drivometer and HSR Car (Schorl, 1970). 

Almost all of the measurement systems reported in the literature to 
date are limited to driver output parameters, such as steering wheel 
reversals, brake applicatLons, etc., and these are seldom analyzed In 
the context of specific traffic situations. The Drivometer does include 
an cvont recorder so that traffic density indices can be correlated with 
driver response measures. The interaction between traffic density and 
response measures was foxmd to be particularly important in discriminat- 
ing experienced from non-oxperienced drivers (Greenshield and Piatt, 
1967}. Recent researcJi has emphasized t)ie importance of considering 
tliese patterns and their relation to the driving situation (Ellingstad 
et al., 1970; Sa^en, Cohen, and Schlesinger, 1970; Forbes et al., 1973; 
and McRuer et al 1974). 

During the 1960*s physiological measures were widely used in psycho- 
logical research, and were of course applied to the highway situation; 
The contention then, as now, was that the physiological status of the 
driver reflected emotional and physical conditions which might affect 
performance. Many studies liave been conducted using GSR, EMG, EEG, 
respiration rate, blood pressure, and body temperatures as physiological 
measures (e.g., Ellis and HcGlamery, 1970; Berkhout et al., 1972; and Weir 
and Allen, 1972). The system jiiost frequently used in these evaluations 
is tlic Drivometer. The HSR Car, whicli incorifiorates several physiological 
ctad driver response Fieasures^ is now available to nmny niore researchers 
(Aaron, 1972) - 

Of the variety of driver output and physiological measures, only a 
few continue to show promise. Steering reversals, speed change, and 
heart rate or systollic blood pressure have been the most successful in 
discriminating various categories of drivers (Broim, 1969; Piatt, 1970; 
Greenshields, 1974; and Sewell and Parrett, 1974)- Unfortunately, the 
studies have used highly divergent groups, i-c., high accidents or vio- 
lations vs. no accidents, or beginning drivers, in measuring the attri- 
butes of these groups. The tests (e.g., the British JAM Advanced 
Motorists Test, Hoinville et al., 1972) discriminate between groups more 
successfully than between individuals (Greenshields and Piatt, 1967), 
Driver response measures were also found unable to discriminate more 
homogeneous driver groups (Safren, Cohen, and Schlesinger, 1970)- Due 
to their reliability, standardisation , and quantification, instrumented 
vehicles are particularly attractive to the safety research community. 
However, extensive work has revealed a number of limitations on their 
operational use for diagnostic a*5scssjnont , pfirtlcuLarly for licence 
applicants . 
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liic in;,tru;n^Htatioii aiia instJalatioiL requirements present logistic, 
measurement, and feasibility problems- A subject must either drive the 
unfamiliar instrumented car or have instmments installed in his own 
car- iSeither situation is desirable — the former provides less than 
optimal conditions which may result in invalid measurements, and the 
latter requires excessive installation time and does not appear to be 
feasibl':;. Secondly, data processing requirements for instrumented 
voluclc;:^ do not appoar to ho cost-'Of foctive . In addition, for physio- 
logical i7.easures to discrinuniite driver performance inider stress or 
iifiL/ini traff^^ condition^-, the applicant should be exposed to both 
hi^h and low doj.^ ity tr.iij'i'j to compare baseline and elevated rates- 
This prciJents bi>th meastiroincnt and logistics problems, to administer 
thf}:^^ te.^t$ undor 5)tandardi2:ed conditions, Finally, iivost instrumen- 
tation doas aot provide meai>urement of the relation between vehicle and 
i*;.:-]. ]i\ othi;.'" wordij, the model of man as controller in a closed man- 
v-.\'- 1 c U i,ighwa;." loop has not been utilized. Thus, the full system 
r-; It ;.):;s:iips have not heen explored (McRuer et al., 1974), 

Til? psychometric characteristics for the Drivometer appear relatively 
t'dvorable compared to many other types of drive¥'^te sting (Whittenburg 
ot al . , 1973). On a controlled te$t route driven sixteen times per 
Lri"\l , test-retest correlations; were for steering wheel reversals, 
■ -'^z _.ced vlKingo-S, and under .50 for accelerator reversals, brake 
a- - .0H?i, ."Old total trip time (Safren, Cohen, and Schlesinger, 1970). 
Vaii'lity w;i:> established using test results to place drivers in categor- 
ityj based on prior driving record* Table 3-6 from the Greenshields 

^tudy gives the results. Unfortimately, predictive studies have 
r.ot :;een performed. Until they are, validity must remain questionable* 
lablj 5-7 sijinmarizes the characteristics of the major instrumented- 
Vi*h;jle j.iea-urtMient systoins, 

^ /n Ml; ;-:ui^ge?t that information concerning vehicle location 
111 tne roadway and the traffic situations encountered would appear especi 
ali> u:;eful for diagnosis. The emerging instrumented vehicle and measure 
liiij^it system (e.g. J McRuer et al,, 1974) \;ijl have this capability. By 
nt/aiJiiring inultiple parameters^ physicp.l r^pd physiological, the data will 
bo available to determine individurd ;"!ri\ing patterns, and consistency or 
variability of patterns. Further research should determine the relation 
of patterns to accident experience^ but at present these techniques must 
be con^iLderod piireJy experimental. 

Observer Ratings 

^^"hile instrumented ve^hicles are being improved, considerable effort 
has !>een devoted to observer rating systems. Early observer rating 
methods; reported by a numl)er of researchers (Uhlaner, Van Steenburg, cind 
Goldstein, 15)51; McFarland and Mosely, i9S4; Keyhart, 1955; McGlade, 196Z 
Quenault, I0ri7 and 1973; and Kdwards and Hahn, 1970) report a number of 
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Table 3-6 CUSSIFICATION OF INDIVIDUAL DRIVERS 



Pre-Selected No* Placed 

Category Number Tn Category 

Beginning 26 14 

High Violation 8 8 

Low Violation 8 6 

High Accident 9 6 



Pet* Correctly 
Placed 

70 
100 
75 
67 



Source: Greenshields (1974) 
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TABLE 3-7 INSTRUMtNlLU VEHICLli MEASUREMENT TECHNIQUE SUMMARY 



Test 



Target 
Population 



Test 
Techniques 



Reliability- 



Validity 



Canadian 
Research 
i"^oijnci I 

(SewcU & 
Perratt, 
1975) 



all 
drivers 



Instrumented 
anJ telemet- 
ered steering 
whoel rever-_ 
sals brake ^ 
accele move- 
ment. Heart 
rate- Loca- 
tion on road 
and relative 
to other cars, 



HardK'are'^- 90+ 
none other 
reported 



Not 
reported 



(MjRuor, 

lu/n 



all 
drivers 



Instrumented 
car-includes 
driver output 
physiological 
car location 
on roadi traf- 
fic scene via 
TV* 



Hardware still 
under develop- 
ment 



Not 
reported 



HSR '.rase 
1 . ■. . ■ ' -1 



all 

dvi vurs 



Drivometer 

fPlatt f, 
Grceru^hields . 
1967) 



Instrumented 
car-steering 
whe:?l , rever- 
sal accelera- 
tion § brake 
movement* 
Heart rate 
5 GSR Traffic 
'events count 



Test-retested 

.73-. 95 
Hardware 
95 + % 



Able to disci^i- 
minate between 
high and low 
accident groups 
not individuals 
at significant 
but low levels 
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deficiencies. These have includod low or no reliability, low accident 
prediction, other kinds of validity of unknown importanco to accident 
causation, long administration time, univariate data analysis, or 
applicability only to special populations Ce.g-, miiitar>' drivers). 
A summary of observer rating measurement techniques is presented in 
Table 3-S. 

Direct ratin^^s can be reliable, and have t!ie ability to discriminate 
between patterns of driver behavior, as shown by Forbes et al . (1973) and 
MctUade (1961). McCUarle developed a road checklist with test-retest reli- 
ability of r ^ ,77. Both McGJade and Forbes et al. (1973) achieved high 
(r ^ ,80+) inter and intra rater reliabilities . IVliittenburg et al. (1973) 
;isin^; a battery of ten maTiouver^, found reliabilities in the .5 - .8 
ran>^£/, although no predictive validity. Herbert et al, (19(>3) develoj^ed 
tweiv: ^^kill tests for use in a range setting. Each skill was scored 
?cpar^tely and reliahLiitios ranged fron^ .55 to ,8S, The battery of 
*;kill measures correlated with number of hours driven (r = -38), since 
perforiiiance deteriorated over time. High reliability does not, of 
course, imply high valtdity. Nojie of th^ road tests developed appear 
to bo highly related to accident involvement. Most research has found 
low postdictive relat iorsn 5ps , while predi^^ive validity studies have 
/f^djin been conducted. Tests developed by Quenault (1971, 1973), Mcillad'? 
(19(^5), and Forbes et al . (19751 do report validity using other criteria. 
McClade (1963) and Quenault (1971) were able to discriminate between 
problem and non-^probiem drivers, hailed on violatitm?- 

Interestingly, the latest research in observer rating (Forbes et al . , 
1973) resulted in the sajiie conclusion as was reached in tlie instrumented 
veliicle studies. Patterns of driving and the consistency of these 
patterns appear more related to safe behavior than the separate skills, 
knowledges, or attitude components v/hicli have been the focus of driver 
performance research aiid prediction for many years. Unfortunately, the 
Forbes et al. (1973) technique suffers from buxdesjisome operational con-^ 
straints (e.g., two observers per subject, three trials per test) and 
has not been shown to be highly related to accident involvement, tlowcver, 
it represents one of the few multivariate studies in which the feasibil- 
ity of highly reliable rating has been demonstrated, and a research 
method for measuriag patterns of individual component driving tasks has 
been achieved^tiTToujgh observer rating. Subsequent efforts miist be 
directed toward relating these patterns to individual problem diagnosis 
and future accident liability prediction. 

Self Report Techniques 

Two studies have reported the use of self-evaly,^ion techniques. 
Irtfhile both were in a training contf^xt. it might be possible to adapt 
these to novice or problem driver testing- Pease and Damron (1974) 
found no significant pre-post difference using the McGlade Road Test 
as a criterion between sel f-ovaluat i on and rct?c/uT criti(iue. Adams 
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TABLE 3-8, OBSERVER RATING MEASUREMENT TECHNIQUE SUMMARY 



ERIC 



to 

CO 



Test 



Targ'et 
Population 



Test Technique 



Reliabi lity 



Validity 



' Driver Performance 
Measurement 
(Forbes et al - , 
1973^ 


All Drivers 


Rating of behavior 
in response to the 
situation 


Trial 1 vs . 2 vs . 
3: ,80+s. Inter 
rater: .70-. 90+ 


Content only 


F i Im ed b eh av i o r 
(Edwards § Hahn, 
1970:) 


Al 1 Drivers 


Fi ve tninute f i Im 
following driver 


Of scoring: 
.47-, 70 


Low — in .1 0- .20 
range. 


Road Test Checklist 
(Neyhart, 1955) 


Car Drivers 


Check off errors as 
they occur while 
driving a route 


Not reported 


Low^-specific items 
do not significant- 
ly relate to acci- 
dents (nor does 
total score) 


driving test- 
(Hoinville et al , 
1972) 


Drivers 


uooc rvc dJiG rate 
driver-^other de- 
tails not given 


NOT report cq 


uxb crx jjixnateb 
groups, not in- 
.dividuals^ 


McGlade Road Test 
(1961) 


All Drivers 


Observer rates 
drivers on 55 items 


Test-retest ; 
,77 


Significantly dis- 
criminates problem 
drivers vs. controls 


Driver Behavior 
Test (Quenault, 
1973) 


All Drivers 


Observe drivers and 
rate on 5 variables 


Not reported 


Post hoc discrimin- 
ation between groups 
of convicted and non- 
convicted drivers: 
only 3 variables 
significant . 



(li)71) describes a tt^chni.iiie for usinj> self-reporting after norHial driv- 
ing part of a driver rehabilitation progra^i but no experience or data 
are given. Self- report measures may be useful for remediation training 
programs (student feedback)* However, much more research is required 
before the utility of the technique can be assessed* 

Summary 

The asse^"-;ment of driver performance has developed as a series of 
distinct test^j each addressing a .'supposedly separate phase of infor- 
mation processing. As the limited validation data indicated, no single 
test is very predictive of accidents* Accident causation, and the 
beha\aoral chain preceding an accident, arc phenomena that are too com- 
plex to be ascribed to a single causal factor. To adequately assess 
hnmaii functioning in the driving task would require measurement methods 
whicS can provide a profile, or a relatively complete picture, of the 
entire? process* It appoars to be esserrtlal to devt^lop such methods, if 
a valid diagnosis of the naity behavioral deficit^nclcs idiich can lead to 
acci<lents is to be made. 
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HUMAN CONDITIONS AND STATES 



As in the performance section of this chapter^ Level HI also 
y^rovldes a wealth of qualitative data about the various aspects of 
hnman conditions and states. "Che primaiy concern in this discussion 

he the depf^rce to which the various conceptual areas can add to 
:irt^sjnt accident Jj.ahility predictive capability. 

JiIOGRAPHICAL VARIABLES 

11k following section discusses biographical information which can 
■ ' ubtained directly from the individual, and is usually more descrip- 
'_ive tlian thUt found in Level I and I^vel 11 sources. This section has 
^^eon grouped into the follcwinc^ categories; 

® Family Relationships 

^ Socio-economic status 

Occupation 

0 Education 

o Life Style 

.-1 i^.?lationships 

A variety of descriptive information about family life and family 
relationships [e,g. ^ family size^ divorce of parents, etc) has been 
shown to be significant predictors of driving record. These variables 
may reflect perirenal adjustment j social adjustment, or even socio- 
economic status. For example, one might speculate that family size, as 
well as^ being a socio-economic index, may also reflect psychological 
dimoHF^ions, such as sibling rivalry and personal attention. Similarly, 
marital status of parents (living with one or both parents) might in- 
dicate family discord, which in turn may be related to an individual's 
adjustment to life. 

For young drivers, the correlations between parental relationship?; 
nnd driving record have usually been si^enificant, but of very low ina^j- 
nitude, Harrington (1971) found small but sig^iificant relationships 
on both convictions and collisions for the items concerning both pari.>nts 
"parents alive'* and ^'parents married.'^ The conviction correlation was 
highe?it for "parents marrjcd," both for malcs^ (r - -.12) and fcria]es 
(r = -,ll)r Por collisions, the item was only sisjnificnnt for males 
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(r = '.06). FinkeljtLurt and ^t<:GLli^e (1971) found that "negligent" 
drivers C^ost less than 25 years old) who lived with parents had sig- 
nificantly fewer convictions but more accidents. However, the rela- 
tionships were concurrent and may have been artifactual due to the 
point system selection criteria (i.e., drivers with more convictions iiiij?ht 
have fewer accidents and vice versa). McGuire (1969, 1972) did not 
find a significant relationship for young drivers on a scaled question 
ranging from "lived with both parents" to "lived in an orphanage." 
Questions of ^'father alive/' "mother alive/^ and "parents divorced or 
separated" wore jiIko not significant. However, .the subjects were Air 
Force enlisted mon^ whu^L^ responses about home life did not necessarily 
reflect recent ci rciniiKtance.s . 

Several studies have used nmaSer of siblings to predict driving 
rcc<ird, ^shCT and hodson (1970) found that fatal accident victims 
h:id significantly larger families. Interestingly, they also had more 
older brothers and sisters than did , a normative sample. Harrington 
il'j7i) found that number of children in faiiiily was significantly re- 
lated to convictions ( r ^ .13) and collisions (r = .05) for young 
males^ but not for fcmfiles. Correlations between the specific cate- 
gories "number of brothers" and "number of older siblings" were 
slightly lower. Harano (1974), however, did not find a significant 
relationship for "number of children in family" in predicting driving 
record for negligent drivers (which may have resulted from the fact ■ 
that negligent drivers axe a more homogeneous sample). Whinery et 
al. (1972) did not find a significant difference between 16-18 year- 
old probationers and non-probationers on nuni^er of siblings in family. 
(The magnitude of this correlation is similar (r = *12) to those of 
most other studies, but non-significant using a smaller sample.) In 
another study comparing accident repeaters and collision-free drivers, 
Harano, ^^cBride, and Peck (1973) also found small but significant dif- 
ferences on numJ^or of brothers /sisterK , v^fith the accident repeater 
havring more. However, the varial>les also correlated significantly with 
a cluster of soci o-economi i- measures (r ^ -.19), sugge^^ting tliat iuiy 
differences noted in driving record related to number of siblings may 
reflect only a relationship hetv^cen larger family size and loiver socio- 
economic status. 

Table 3-9 summarizes some of the research findings relating 
family relationship variables and driving problems. Overall, the re- 
lationships of family biographical factors with driving records do not 
demonstrate high utility. The variables appear to be more useful for 
predicting driving records for young drivers, as demonstrated in the 
Harrington (1971) study. The lusher cnrrelatinr.r are found mainly for vari- 
ables such as number of siblings, which are probably also related to 
socio-economic status. 
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Table 3-9. Selected Studies Using Family Relationships as 
Assessment Variables 
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Table 3-9. Selected Studies Using Family Relationships as 
Assessment Variables (Cont) 
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occupation, are available at Level III to predict driving record. 
Seyerp-l general socio-economic measures have been employed as driving 
recol?Tl predictors. Examining a sample of ^'negligent'' drivers, 
Finkelstein and McGuire (1^71) found that their composite measure of 
i;ocio-economlc variables labeled "social mobility index" did not sig- 
nificantly predict accidents or convictions. This result was apparently 
due to restricted variation among their sample. 

Studying a similar sample, Marsli and Hubert (1974) estimated negli-- 
>;ont drivers' income basod on their occupation and education in coji-^ 
junction with U.S. Cens,us ^lureau data.^ This original estimate was tlion 
multiplied by the subjects' employment status C% full time employment^ 
t;^ produce the final estimate of Income. These authors found that high 
'^^limatcd income was associated with having fewer accidents and con- 
i'icti^>r:^ after a driver improvement contact (r = .05 and r = .11, 
r^i^^pt^ct i\ e lyl . 

lisin^ a jnuch more broadly -based group of young drivers, Ifarrington 
M^:^!) found significant relationships predicting driving errors with 
^^oth :\ social mobility index and the socio-economic status of the youngj;,^^ 
h-iver's occupational goal. Interestingly, he also found that males 

] MvOr socio-economic status families had significantly more con- 
r i r^ns , although fewer accidents. The latter result is not con- 
- I . t r.t with other studies. However, 'the magnitude of the relationship 
Mth ;iccidents was very low. (r = .03). Correlations for females were 
^^L^T.orully smaller than for males. The relationship with socio-economic 
u itiis of occupational goal was relatively high for males predicting 
jn-Lvu:tions (r = ".]9), but much smaller predicting accidents {t = -.05]. 
■li^.^ correlations for predicting convictions and accidents for females 
^orz' -.08 and -.04, respectively. 

::\ a stady comparing accident-free vs, accident-repeating drivers, 
Harano et ai.,C1973) correlated a wide variety of potential predictors 
with vir^vin^;^ criteria. A cluster. of socio-economic variables proved to 
be by far the most important predictor in tlie study. T]ie cluster con- 
tained suc^ variables as education, socio-economic status'of occupation, 
and vocabulary scores. Accident repeaters tended to be lower on the 
socio-economic scale = -^40'). 

T-mplnyment at an early age (which anparently reflects both ex- 
posure and socio-economic status^ is often found to be predictive of 
driving problems, Kraui et al. (1^*70) found that 13% of the students 
in their sample wer : employed before age 17, compared to only 4% for 
an accident-free sa'^oie. Ashcr and Dodion (1970) found that age at 
which the student b?-^.:3Ln earning m,oney was significantly lower in their 
f:itally-injurcd sairp , 
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Robinson et al . {I9h9} 
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The socio-econoinic status o£ parents is also a potential predictor for 
young drivers. IVhinery et al. (1973) founJ that young traffic probationers 
came from lower status families Cr = -45) and had fewer sources of income 
(r = '<2S). However, McGuire (1969, 1^*72) reports an opposite finding 
when correlating value of parents' home with accident frequency for a 
population of young enlisted airmen. He reported cross-validated co- 
efficients of .11 for value of parents' home and .08 for average income 
of family wage earner for self-reported accidents. For this particular 
population (age 17-20, living away from home), it may have been that 
those airmen from higher socio-economic status families owned cars and 
had increased exposure (driving during liberty and off -hours), while 
lower status individuals used other means of transportation. 

An interesting finding was reported by Baker (1970), who noted an 
unusually higher incidence of tattoos among white male fatal accident 
victims (22% of white males aged 20-49). Although any conclusions must 
be speculative since no controls were reported for incidence of tattoos 
in the non-accident population, the finding does suggest another cor- 
relate of socio-economic status. 

As we have seen, socio-economic variables can also be an indirect 
measure of exposure. For example, Harano et al. (1973) reported a 
correlation between a socio-economic cluster and a mileage cluster of 
-.16, indicating that lower status individuals drive nore. The rela- 
tionships and interactions become clearer when occupational classes are 
inspected. The occupational groups of '^professionals'* and ^'service wor- 
kers*' had correlations with the mileage cluster of -.11 and .01 respec- 
tively. Obviously, mileage driven can interact with occupational class. 

It is apparent that socio-economic variables can be among the most 
important Level III predictors of accident liability. This result is 
particularly striking in the regression results of the Harano et al. 
(1973) study, which employed a wide range of several hundred variables 
and found a cluster of socio-economic variables to be the best of all 
predictors. Other studies have produced less dramatic, although equal- 
ly p^omi^iing, results. A brief sununary of researcli findings using 
these I'inds of variables is presented in Table 3-10. In the following 
sections we will examine the related but more specific measures of 
socio-economic status--occupation and education. 

Occupatio n 

Research has also examined specific occupational variables, most 
of which also relate to socio-economic status. 

For young drivers, Harrington (1971) found that '^employment" was a 
useful variable in predicting a four year record. Ilneiftiployed males had 
significantly more convictions and collisions than those who wore om- 
ployed. Similarly, most specific types of occupation were significant 
conviction predictors for young males, althougli gOFicrany less 
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Table 3-10. Selected Studies Using Socio-Economic Status as 
Assessment Variables 
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Table 3*10* Selected Studies Using Socio*Economic Status as 
Assessment Variables (ContJ 
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i^igTu ficaiit for females, or for predicting accidents- 

Among the general driving population^ Harano et al. (1973) found 
that accident repeaters tended to have significantly more part-time 
employment , more frequent employment as operatives or laborers , and 
more years of seniority as professional drivers. The first two of 
these results seem to be indicative of lower socio-economic status, 

■ Jm Ik: the third, 'years as a professional driver,'^ would seem to measure 
pri.^';irily amount of driving exposure. Both types of measures are strong- 
ly I't lated to accident liability. 

fixronining a more deviant driving population, those defined as 
"net^Uront operators," Finkelstein and McGuire (1971) found no sig- 
:iificant relationship between their occupational index variable, and 

irnur :iccidents or convictions. Using a similar population^ Harano 
^ fjund thnt their occupational status index significantly pre- 

noted h..th convictions and accidents Cr = --10 and -.08 respectively). 

*:!i!KtU on reported as '^student" also *:orrelated slightly with con- 
victujns. Siniilar results were reported by Marsh and HubQrt (197A) , 
v'Ho also found that negligent operators with driving occupations had 
significantly more accidents Cr = -06), but not convictions {r = .01). 

5-11 summarizes the results of these and other studies :i/hich 
' J specific occupation variables. Relationships are usually sig- 
. t J Rx^rticularly with convictions for males. Flowever, the mag- 

i.'L*^ of these relationships are no' ^rcnerally a.^ high as those dis- 
. ' ^ : rji or general socIo-ocotioitiic variables, , suggesting that specific 
r.^ "a' 1^ nal measures might be mos^t approjiriately employed as one in- 

■ lijr^trr w*ithLn a 5oc] o-^economic cluster or index. 



Lower educational levels usually characterize higher accident popu- 
lHti'.yns. in a study of drivers under 21, contrasted on accidents, Kraus 
tt til, 0070) found that their accident group failed more grade? before 
lirji'C (50% vs. 17%), and took ?nore vocational courses vs. 7^»J , 

than an accident-free sample. 

A.^hor and Dodson (19^^^) reported that their fatally- in jured fample, 
cr^mp^ired to population norms, were more likely to have difficulty in 
i:Tiii/;r5tanding assignments, and more freauenlly planned to quit school. 
Similarly, Whinery et al . C1975) found that probationers were more likely 

to quit school to enlist = -44), have lower self -expectations regarding 
sichool fr =".5S1, spend less time studying (r = .44J, and feel that 
c.,>no=.^t^ is not essential (r = .291. C'n^*^-'^^ relatively higii correla- 
M on 1 ?re apparently a result of the extreme contrasting of his 
sample. Probationers were young drivers with 3 or more violations, 
:vhich should represent the worst young drivers, being compared xith , 
matched random controls). Pelz et fil. ili)71) also found that ynung 
nalo drivers who quit school had signi fi crint I v more crashes ( ^ =-.^^^}. 
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Table 3-11. Selected Studies Using Occupation as an 
Assessment Variable 



Study 



1 Rnkehteinfi 
! tl97J) 



1 



TvPe 
liHlrunftCJil 



HiLbert and 
(1371) 



mm 



t 



V^llllify 



Simple DetcnPhOn 
«i>d 



CtinvichoiiJ 



A large test batlerv wat admin 

oegUg^rtt drivers, f^tmtet ana^ 
yi\i dane to identity 
Coricvrreni crFirel^f f^m cif 

A Lattery ol piycxt} phyitcal 
leiU wnt ddmrn^sterfKl lo ^SQ 
nngUgent drivirrs vihQ attended 
a dnv«r mipmvcmeiit mctiTin^p 
P(edicttt>9 hmifc errorji tcltit- 
tet analVira irntf dau rnllcCTKin 
rcportod m eadiCr ttjdv 
Fmkektftn and h^cGuirc tt971) 



Dccupalional 



02 



NS 



Si^f* 



950 



Accidtms 



(I'otaMl yrl 



Student (1-yei. i 
t O^io) _ 

jOcciipaiion ^i>gti [ 
j stmc=higiti iiaiKiJ [ 

I hori fhigli score- j 
^ hnjti stani^) I 

Own Jimni; 0^ ~|" 
0-^in) 



.01 

MS 



^ ] I 



Queitioniiair^h atfTimisttrptj to 
IG 1ft VB^ tiUi malo habitual 

p^epf non proLniii.Tief^ Tptti 
{)f sigoifHiajice and bi tarjal 
correlation's c^imptited by 
variabftt and ^rniio member 
itMp. Sanjpte incUide n- UG 
pr{tb«tion»rt anu n'lGO noo 
probationer^ ^ ^ ^ 



Occupn^tQii 



01 Incomi! 



' Prob.itionett 
^3+ c[>nvic 
^ioit^^n 1 Vi) 
I ni}n.pro- 
t batrouer$- 



- U3 

Jb 



NS 



NS 

NS 
.01 



.07 



\ 



PiVcbolagi'j A9rouPor75 ni'^ii^je lit drivers i 
cal Battery < who attended a Driver Improve < 
I ment mecling adminn- ; 

i^red the Gofdon PctiOhDliiy ' 
I Profile and a bipgrapbiral 
J nueitfonttaire Onmg EJfiffDfm ■ 

ancePyfi^mbi^tfi^ntto 
I attending the irkeettnrj Wat ^ , 
f Pfedicted ffom tha h3tt**fy. The' 
j criienaw^ combined acci 
I denti and vmlahOiA wlttdn^ 
\ an (^iKranaiial Cniena 

! <NOPJ fcir rec>yidFnn 



Occupatmn 



Neti^igent 

Operoioi ^ 

F ilms l»OP) ; 

7 yP3r 3 

ti^bsiifiueui : 



NS 



m 

CbO 
:7G 



75 



Tvpe 



t: 



J)0 



NS 



950 



I 



.01 I NS 



NS 
.05 



SbU 



-.01 i NS 



-.03 I NS 



090 



'1- 

■m * NS 



MS 



Nn> P<»pwif*d 

N(il SKimlit^iii 



tlUll^.Ft^ >l 



3-58 



229 



ERIC 



Table 3-11. Selected Studies Using Occupation as an 
Assessment Variable (ContJ 
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Table 3-11. Selected Studies Using Occupation as an 
Assessment Variable (ContJ 
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t!orrfj latious for older drivers and young females, with either vio- 
lations or crashes, were not significant. This agrees with the 
findings of Harrington (1971) who reported that young male drivers with 
fewer grades completed had significantly more convictions (r =-.31) and 
cnllisions (r =-.11). Although significant, the relationships were much 
K^er for females fr =-.11) and fr =-.06}< Comparing contrasted samples 
of accidt^nt and accident-free groups, llarano et al, Cl*)73) found more 
yc'ir:- f^f educution to be associated with fewer accidents (12.4 years vs. 
13.3 y^Mrs) . 

I'indings have been similar in predicting recidivism among negligent 
diiwr;^. Uarano fl974) reported that negligent drivers with more educa- 
tioii hud fewer convictions (r =-.11) and accidents (r =-.06). In another 
^< Vv... r\t driver study, Mar5h and [hjbert (1974) found that more education 
1. \- > h t^hr ly associated with fewer convictions (r =--.06), but, they found 

rt^HKon vrith accidents fr = <00)< There was evidence that the rela- 
ri-.n-Jiip hctween education and driving might be curvilinear. The authorfi 
rMitf t\\:it any relationship between these education variables and driving 
ix^cord my be a result of the interrelationships between these variables 

In general, educational variables have been shown to be sipjiificantly 
to both convictions and accidents although the relationships are 
:iur ffice Table 3-121. Kducational levels and attitudes toward 

appear to be most important for young males. For any groups, 
^ :wev'^^, ivlationshijis between education and driving record might only 
rufkct the correlations of education with both at?e and socio-economic 



Life \tyle 

iiiK. Alylij variables discussed here include both social and individ- 
ual iictivities, as well as life goals. 

In genera], attendance at religious and social functions appears to 
htj invers;ely related to accident involvement. Accident repeaters in the 
Harino et al. il97'5) study tended not to be involved in clubs (r =-.08) 
■ itk! religious organizations (r =-<12). Beamish and Malfetti (1962) also 
round tlmt traffic offenders were less involved in religious activities, 

their parents were both less politically and socially active 
^ ^ ,01} , 

nf the activities in which they were involved, accident repeaters 
in rlu* ilt^rano et aL (1973) sttidy tended to select more outdoor activi- 
' , ^htiso involving group rather than individual participation, and 
iv. ro;;t ional activities involving more dan^^er. The accident-free sam- 
ple tended to ha^'e mure goals related to vocations than did the accidont- 
ropoaror group. 

^:non£^ yoijnper drivers, Afiher nnd Dodson fT970) found that those 
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Table 3-12. Selected Studies Using Education as an 
Assessment Variable 
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Table 3*12. Selected Studies Using Education as an 
Assessment Variable (ContJ 
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Table 3-12. Selected Studies Using Education as an 
Assessment Variable (Cont} 
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involved in fatal accidents read fewer magazines, less frequently read 
science, political, and history books, but read more comic books than 
their peers. In social activities, the fatal group attended fewer con- 
certs, lectures, and plays. Harrington (1971) found that more involve- 
ment in school activities for males was associated with fewer convic- 
tions, but not collisions- Social activities (r =-.03), school func- 
tions Cr =--10), and academic clubs (r =--13) also correlated signif- 
icantly with convictions- llie relationships were slightly lower for 
females- In a sub-sample studying contrasted groups, Harrington found 
accident repeaters to "play hooky" more often (r =,17). The best unique 
predictor of collisions using multiple regression analysis was Citizen- 
ship Grade, which correlated -12- Consistent with these results, Whinery 
ct al- (1972) found that probationers held fewer school offices and 
helo-iged to fewer clubs than the non-probationers. 

These studies all tend to support the inference that less individ- 
utily social, and cultural activity is associated with more deviant dri- 
ver behavior, although the overall magnitude of these lifestyle variables 
is less than those found with most socio-economic status variables- 
(See Table 3-15)- Income, family support and associated goal orienta- 
tions and activities appear to interact to form the aspect of socio- 
cr(^nomxc status which is relevant to driving behavior* For example, in 
the Marono et ai- (1975) study, '^number of clubs'* and *'number of voca- 
tion:tl activities,*' in addition to predicting driving problems, cor- 
related strongly with the socio-economic cluster (r =-43 and -21) 
respectively- 



Smokinq 

Sipoking, particularly the amount of cigarette smoking, is one ad- 
Aiti nal aspect of lifestyle which has been a consistently significant 
predictor of driving record- Adams and Williams (1966) suggest that 
smoking is an indirect measure of over-dependency* In a survey of 
1,025 young male insurance applicants, they found highly significant 
differences by smoking habits on both convictions and accidents- McGuire 
(1969, 1972), analyzing self-reported data of young (age 17-20) enlisted 
airmen, found the relationship between amount of smoking and accident 
frequency to be significant even upon cross-validation (r =,104)- 
/\nother young driver study by Kraus et al- (1970) found significant 
CP^-05) differences between accident (39%) and control (27%) groups 
in response to the variable '^became a regular cigarette smoker at or 
before age 16-" Harrington (1971) reports similar results. Question- 
ing a random s^ample of young males on the number of cigarettes smoked, 
he obtained correlations of ,18 for convictions and ,10 for collisions - 
Females had slightly lower correlations with convictions (r =-16), and 
about the same with accidents =-11)- Pelz and Schuman (1971) com- 
pared several samples of drivers and found a significant relationship 
between smoking and violations for young males. Both "amount smoked^' 
and "changes in smoking'* correlated -13 with violations- No signifi- 
cant relationships were shown for older males, older females, or 
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Table 3-13. Selected Studies Using Life Style Activities Measures as 
Assessment Variables 
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Table 3-13- Selected Studies Using Life Style Activities Measures as 
Assessment Variables (Cont) 
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younger females. Harano et al. {1073) found significant relationships 
between smoking and accident group membership (r =.12^ and (r =.11^ con- 
victions for males. No results were reported for females. 

There are numerous explanations for the generally moderate rela- 
tionships (see Table 3-14) between smoking and driving record. Based 
on correlations of smoking with other variables found in the Harano et 
al. (1973^ study, the over--dependency theory of smoking may have some 
merit. Smokers were found to be less cautious (r =-.15) and less emo- 
tionally stable (r =-.09^, as well as lower in socio-economic status 
(r =-.24^. (They also drove more miles [r =.12]0 There are, however, 
several alternative hypotheses for this relationship. One is the sug- 
gestion that smoking could be an indicator of lack of concern for one's 
own physical health, which has obvious implications for traffic accidents. 
Another alternative involves simply the distraction associated with 
smoking while driving C^-g-j lighting a cigarette, dropping a lighted 
cijrarette^. McGuire (1972) has presented an additional alternative hy- 
pothesis that ^'the higher accident rate found among smokers may be par^ 
tially the result of sufficient oxygen deficiency" as well as social or 
personality characteristics* In any event, these research findings 
suggest that the driver^s smoking habits ruy be a useful and inobtrusive 
measure for accident Liability prediction, in lieu of the more specific 
physiological or psychological factors which it apparently represents. 

Summary 

Individual Level III biographical variables appear to add little to 
the predictive capability which is possible using lower level biograph- 
ical measures. However, potential utility for the Level III variables 
would appear to lie in multi-variate applications* When these variables 
are combined through cluster or other techniques, their utility is often 
magnified (e.g., the correlation of -.40 between a socio-economic clus- 
ter and accidents found by Harano et al* (1973^. In addition, many of 
these measures appear especially valid for particular sub-populations. 
Interactive studies should eventually clarify these relationships, and 
it is possible that extremely valid measures for selected sub-groups 
will emerge* At present, some of the general measures of education, 
occupation, and socio-economic status would appear to be useful addi- 
tions to a diagnostic assessment program. 

PSYCHOLOGICAL, SOCIAL, AND ATTITUDE VARI^iBLES 

The majority of psychological data on drivers must be obtained 
directly from the individual. Literally hundreds of research studies 
have attempted to relate ttiese kinds of variables to driving behaviors, 
with many varied and interesting results- However^ a major drawback to 
interpretation of this work has been that same variety in results. The 
lack of .common methodologies makes it difficult to compare or even re- 
late findings. In this review we have^ therefore, tried to group such 
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Table 3-14. Selected Studies Using Smoking Measures as 
Assessment Variables 
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research results by apparent conceptual similarities to illustrate as 
clearly as possible the development o£ this area o£ investigation. The 
section will be divided into five sub-sections: 

• Situational Stress Factors 

• General Personality Characteristics 

• Driver Specific Inventories 

• Driver Specific Items 

• Discussion 



Situational Stress Factors 

In addition to the relatively permanent "lifestyle" or biographical 
variables, many transitory situational factors can be meafjured by direct 
assessment of the driver. The situational factors which are related 
to traffic safety are primarily individual "stress*' factors, such as 
uneinployment or fainily problems. Studies which have assessed life 
stresses generally confirm the Level II findings that many accidents, 
particularly fatal accidents, are directly attributable to various 
forms of acute life stress. One study of fatal accident victims may 
help illustrate this point. Finch and Smith (1970) conducted in-depth 
interviews of the families, friends, and employers of fatal accident 
victims. Their findings on the emotional and physical states of the 
driver preceding the crash are presented in Table 3-15. Intoxication 
was found to be the most prevalent condition in the fatal sample often 
in combination with other pre-crash states. Depression and uncontrolled 
anger were the second most frequent categories. Plummer and Das (1973) 
also found accident repeaters to have significantly more conscious 
thoughts of suicide than controls (P-i.Ol). Although not significant 
because of the small samples, 30^ of the accident repeaters had con- 
templated suicide, compared to only 17% of the controls; 7% of the acci- 
dent repeaters had previously attempted suicide, compared to none of 
the controls (again not significant). 

Finch and Smith (1970) also obtained overall indices of more 
generalized social stresses. They found that one or more of job, 
financial, marital, and family stresses v/ere present in 82% of their 
fatal sample, within 24 hours prior to the crash, compared to only 12% 
of the control sauiple. Similarly, Harano et al. (1973) found that over- 
all dissatisfaction with life correlated with accident group membership 
for males (.19) and females (-23). 8 



8 

Predicting recidivism among problem drivers, however, none of the 
stress factors were significant (Harano, 1974). This apparently re- 
sults from the fact that, since the population under stiKiy was al- 
ready deviant in regard to driving (less than 5% of the driving popu- 
lation are classified as negligent drivers), the sample as a wholo was 
relatively homogeneous. 
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TABLE 3-15 PRE-CRASH OR PRE-INTERVIEW STATE 



Driver Groxip 
Fatalities Control 

Abnormal 92% 12% 

Depression 40% 4% 

Suicidal 12 0 

Uncontrolled Anger 32 12 

Intoxicated 72 12 

Car used as extension of ego 8 0 

Psychotic 4 4 
Impaired judgment or poor 

Impulse control 24 8 

Preoccupied 12 12 

Normal 0% 88% 

Unknown 8% ^ 0% 

Source: Finch and Smith C1970) 



Note: Some drivers had more than one pattern prominent, rer 

suiting in a total of more than 100 percent (i.e., de- 
pressed-suicidal) . 



In sumniaiy, any recent social stress information should be con- 
sidered an important contributing factor to accident liability (par-* 
tlcularly more severe accidents). Some representative findings of re- 
search studies measuring general life stresses are presented in Table 
3-16. 

The following sections will address some specific situational 
stress measures, such as occupational stress, marital stress and family 
stress . 



Occupational Stress 

As demonstrated in Chapter 2, stress factors related to employ-* 
mentj such as self-reported job problems, financial stress, and number 
of job changes, have often been related to accident liability. At 
Level III, more qualitative descriptions of these problems are available. 

Finch and Smith (1970) found that drivers involved in fatal acci- 
dents experienced more job problems than controls. Six months prior 
to their collision, 40% of the fatals, compared to only 8% of control 
sample were experiencing on-the-job problems. 'H^enty-^four hours prior 
to the crash a specific job problem was noted in 24^ of the fatal cases, 
while only 8% of the controls noted such a problem. These investigators 
also found financial stress to be over-represented in the fatal sample 
(40%), compared to the controls (8^^).- 

Conversely, Pelz and Schuman (1971)^ in studying a random popula- 
tion of drivers, found no strong evidence for the relationship between 
jcfc-related events and driving. Among the variables '*new responsibil- 
ities," "started working,'' "changed jobs," "stopped working,*' and "total 
events," only a few significant relationships were found. Younger males 
who changed jobs more often had slightly more violations (r - ^06), while 
older females who changed jobs were involved in more crashes (r .14). 
Acceptance of new responsibilities was negatively correlated with vio- 
lations (r =-.06). (These relationships could merely reflect socio- 
economic status.) No significant relationships with driving problems 
could be found for younger females or older males. 

Studies of occupational stresses among negligent driving popula- 
tions have consistently produced moderate but significant correlations. 
Harano (1974) found that ratings on amount of job stress and stress 
associated with financial problems were not significantly correlated 
with convictions or collisions, [lowever, number of job changes was 
significantly correlated with convictions and collisions (r = .08 and 
.07 respectively). (Again, this finding might only reflect socio- 
economic status.) Similarly, Harano et al. (1973) also found number 
of job changes to be significantly related to accident group menfcership. 
Accident repeaters had significantly more job changes over a three-year 
period than accident-free drivers (1.6 vs. 1.3). Accident repeaters 
also tended to be less satisfied with their financial status and with 
their job. 
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Table 3-16. Selected Studies Using General Life Stress Measures as 
Assessment Variables 
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Mursh and Hubert fl974) found that changing jobs or holding extra 
jobs is associated with more accidents (r = ,06 and r = ,03^ respectively) 
and convictions [r = .13 and r = .10, respectively) after a driver im- 
provement meeting or hearing. They also reported that the longer a per- 
son had been employed, the less his accident [ r =-.09) and conviction 
(r =-.5) involvement. After assigning job satisfaction values to sub- 
jects, according to the subjects' occupations, and the findings of 
another study (Robinson et al.,i969). Harsh and Hubert found their " 
'^percent not satisfied'^ also correlated significantly with accidents 
(r = .06) anj convictions (r = .07) indicating that occupations charac- 
terized by lov. job sEitisfaction are associated with poor driving record. 

These studies [summarized in Table 3-17) suggest that job stresses 
are related to driving. The relationships are stronger for the more 
severe driving performance criteria, fatal accidents [Finch and Smith, 
1970Jj and accident repeaters fllarano et ai., 1973). Negligent operator 
samples [Harano, 1974) and random population studies showed significant 
but ioiv relationships. Thus, acute job stress data would appear more 
useful than the generalized job stress data obtainable a priori by direct 
driver assessment . 



Marital Stress 

Level III measurement also provides more qualitative information on 
stressful marital events, such as divorce, which was demonstrated to be 
strongly related to accident liability in Level II. 

The Finch and Smith study [1070) showed inteirpersonal factors, in- 
cluding marital disharmony, to be hi^ly over- rep re sen ted in the fatal 
sample. A general pattern of problems was evident in the fatal sample, 
with 36% having had marital problems for a period of 6 months preceding 
the crashes. More dramatic was the occurrence of an event [argument, 
etc.) in 56% of the fatal cases directly preceding the crash (24 hour^)* 
In contrast, only 12% of the control sample indicated similar problems. 
In the random sample of drivers, Pelz and Schuman (1971) found that 
positive marital events did not significantly relate to driving, but 
negative events did (e*g.j divorce, arguments, etc.). Negative marital 
events correlated positively with violations for young males (r = .08), 
older males (r = .21), nnd young females (r = .16). In regard to col- 
iisionSj correlations were in the expected direction, but the relation- 
ships were not significajit . With a contrasted sample of accident re- 
peaters and accident-free drivers, [larano et al* (1973) found that the 
item ^'satisfaction with spouse/girlfriend/boyfriend^' was significantly 
related to both accident group membership and convictions. Accident 
repeaters were approximately 14% more frequently dissatisfied (1.56 vs. 
1.37 on 4 pt* scale). In the same sample, 11% of the accident repeaters 
were recently divorced/separated j compared to 5% in the accident-free 
sample . 

Among negligent drivers, M;irf;h and Hubert (1974) report that being 
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Table 3-17. Selected Studies Using Occupational Stress as an 
Assessment Variable 
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Table 3*17, Selected Studies Using Occupational Stress as an 
Assessment Variable {Cent} 
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divorced and separated was negatively correlated with future accidents 
(r = --05), but not significantly related to future convictions- 

As noted in Chapter 1, a multidisciplinary accident investigation 
(Institute for Research in Public Safety, 1973) found divorced drivers 
were over- involved in general accidents by a factor of 4.7 and in alcohol- 
related accidents by 9.1. Separated drivers, on the other hand, were over-* 
involved in general accidents by a factor of 4, but over-involved in 
alcohol-related accidents by a factor of 30. (The involvement ratio is 
computed by dividing the number of actual drivers involved, by the "ex- 
pected"' number, based on the population distribution). These findings 
suggest that the "separated" category reflects more recent critical 
events thah ^'divorced." 

Table 3-18 summarizes some of the relevant research results. In 
general, the findings from these studies on marital stress support the 
conclusion that marital stress is an important factor in accident causa- 
tion. As may be recalled, in a review of the driving records of 410 
persons involved in divorce proceedings (McMurray, 1968), accident and 
violation rates were found to be highest three months after filing for 
divorce. Trauma associated with recency of the events appears especially 
critical, as supported by the Finch and Smith study (1970) and the In- 
stitute for Research in Public Safety study (1973). Both specificity, 
and recency of information appear to be critical. In situations where 
such recent, accurate information can be obtained, and current marital 
stress and recent driving errors are present, alternatives such as 
license suspensions must be considered viable countermeasure options. 
In this regard, asking the driver directly about problems may be a use- 
ful supplement to Level II information, although as in all direct assess- 
ment of the driver^s personal life, it cannot be assumed valid in all 
settings. 



Faniily Stress 

Several research studies have measured the influence of family re- 
lationships anJ events on driving problems. These studies have often 
addressed both the relationship of the driver with his parents (his- 
torically), as well as his current family situation. 

Based on an extensive literature review, Harano et al. (1973) 
developed a Parent Child Inventory to measure the driver's relationship 
with his parents (for the most part historical). Several dimensions 
were found to discriminate between accident repeaters and accident-free 
drivers. Accident repeaters described their parents as using more 
punishment (r = -10), regarded their fathers as less permissive (r =^-.08), 
rated their mothers as less "g.'>od/valuable" (r = -07), reported more 
family dissension (r = .09), and revealed larger discrepancies between 
their ratings of mother and father on a good/valuable dimension (r = .14). 
Of additional interest are the moderate correlations of family dissension 
with other variables in the study. Those who indicated more family - 
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Table 3-18, Selected Studies Using Marital Stress as an 
Assessment Variable 
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Table 3-18, Selected Studies Using Marital Stress as an 
Assessment Variable (Cont) 
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dissension were less responsible (r =-.2i), less emotionally stable 
(r =-.23], and less cautious =-.19X as measured by the Gordon Per- 
sonal Inventory. These variables in turn have also been sho\^n to re- 
late to both accidents and convictions. Similarly, Harrington (1971) 
found relationship-with-parent variables to be related to accident in- 
volvement. Those drivers involved in accidents reported that they did 
not get along with parents (r = .16], mother lost tender often =-.18), 
were babied by mother (r =-.17)j and parents did not approve of friends 
Cr=.20). 

The number of family events and problems have also been shown to 
be useful predictors. Pelz and Schuman (1971) found a small relation- 
ship between the number of family events and violations (r =.05) for 
young males only. However, this variable did not clearly delineate 
positive and negative events. Small differences were reported in the 
Finch and Smith (1970) study on tlie relationship of current family 
problems between the fatal and control samples. Parent-child problems 
were reported in 16% of the fatal sample, compared to 8% in the control 
sample. Loss of a friend or relative was found for 16^ of the fatal 
sample, and was not found at all In the control sample. 

Some research studies assessing family stress are summarized in 
Table 3-19. Historical information on family relationships appears to 
be but one aspect of the overall psycho-social complex of variables as- 
sociated with life adjustment. The recent family stress concept may 
have more utility, particularly fnr assessing the younger driver, pro- 
viding the same assessment function that marital stress provides for 
adult drivers. An accurate recent history of family stress would ap- 
pear indicative of increased accident liability. 

General Personality Characteristics 

The concepts of personality and attitude as they relate to driving? 
problems has been a topic of numerous research investigations for the 
past three decades. Several studies have identified personality and 
attitude factors which appear to be related to accident involvement, 
but their predictive utility In an operational setting remains ques- 
tionable. There are several reasons for the demonstrated low utility 
of psy,chometric prediction including: the (1) instability of accidents 
as criterion measures; (2) lack of a useful theoretical framework for 
conceptualizing patterns of driver attitude and personality factors, 
as well as types of driving errors; and (3) experimental/methodological 
flaws in research studies. These issues will be discussed throughout 
this section. To provide a framework within which to compare research 
results, this review will discuss the utility of various instruments 
within the following somewhat loosely-defined conceptual areas: 

• Emotional Stability 

• Hosti lity /Aggress lon/Non -Conformity 
& Impatlence/rmpuisiveiit.-^is 
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Table 3-19. Selected Studies Using Family Stress as an 
Assessment Variable 
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Table 3-19, Selected Studies Using Family Stress as an 
Assessment Variable (Cent) 
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• Sociability 

• Interpersonal Relations 

o Interaction o£ Social and Psychological Variables 



Emotional Stability 

The early studies assessing the relationship between various 
measures o£ emotional stability and accident involvement produced very 
few positive results. One such study by Moffie et al» (1952) compared 
a small sample o£ truck drivers on the 13 scales o£ the Minnesota Multi 
phasic Personality Inventory (MMPI). None o£ the comparisons between 
accident repeaters (n =30) and accident-free drivers (n =30) were sig- 
nificant on any of the 13 MNfPI scales. Also using the MMPI, McGuire 
(1956a) compared a contrasted sample of accident-repeater and accident- 
free enlisted men and found only one scale of the MMPI (Schizophrenic) 
to significantly differentiate between the two groups of drivers. 
Similarlyj Conger et al. (1959), using a psychological battery of per- 
sonality tests, found no significant differences between accident re- 
peaters and accident-free drivers, hut their sample was also small 
(n =20), However, objective tests combined with clinical observation 
revealed the accident repeater to exhibit more "fantasy^' and poorer 
overall personality adjustment (P<,10), Rommel (1959) also used the 
MMPI to compare two matched groups of 25 high school students. Acci- 
dent-repeating youths tended to score higher on the Psychopathic 
Deviate (Pd) scale and the Hypomania (Ma) scale, although the scores 
were still within the normal range. The authors interpret these find- 
ings as indicators of the accident repeaters' disregard of social mores 
their defiance of authority (Pd) , and their tendency toward excessive 
activity and enthusiasm (Ma). 

A major limitation of all of the above studies was the lack of 
sufficient subjects to produce significant results. In a slight im- 
provement. Beamish and Malfetti (1962) compared young violators and 
non-violators (N =270) and found violators to be less emotionally 
stable (as measured by the Guilford-Zimmerman Temperament survey)^ and 
to have more extensive mood changes (as measured by the Minnesota 
Counseling Inventory) • These results appear more stable than those in 
the previous studies discussed, since a somewhat larger sample was 
used, and comparisons were made on violations, rather than accidents, 

A slightly earlier study, the first which appears to have had a 
sufficiently large sample to produce reliable relationships be- 
tween accident involvement and personality factors, was conducted by 
Brovm and Berdie (1960). Driving records were obtained for 993 male 
college students J who were then administered the MMPI, Traffic vio- 
lations and accidents accumulated over a 4-6 year period were then 
correlated with the MMPI scales. Similar to Rommel's (1959) findings, 
the Psychopathic Deviate scale (Pd) and Hypomania scale (Ma) correlated 
significantly with accidents (r =.08 and .10), With violations, the 
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correlations were Aif and .08, re.spective ly . A significant correlation 
with accidents was also found on the "F'^ validity scale (r =.08), For 
violations^ the F scale correlated .09 and the Social Introversion scale 
correlated negatively (r =-.08>. The authors speculate that one type 
of poor driver is characterized by lack of conformity, lack of respect 
for rights of others, and is generally self-centered. Another driver 
type (inferred from the Ma scale) is the driver in a hurry to reach his 
destination, paying little attention to the social consequences of 
his acts. Although a relatively large sample was used in this study, 
other methodological flaws appear to cloud an interpretation of these 
relationships, f^o aujuistment for exposure is reported. This would 
seem to be a critical issutjj since the time periods used in the analysis 
(4-6 years) varied for difrerent subjects. The correlations may re- 
flect exposure biases, a^^ well as jjersonality factors. 

In a re-analysis of Brov^^n and Berdie data. Fine (1963) attempted to 
test Eysenck's hypothesis that extroverts should have more accidents and 
violations than introverts. On the basis of scores on Welsh's MMPI- 
derived Internalization Ratio> subjects were divided into extrovert, 
intermediate, and introvert groups. Significant differences on acci- 
dents and violations were found among the three groups (P<02), and the 
hypothesis was confirmed. As in the original study, the issue of ex- 
posure adjustment was not addressed. 

Similarly, in a detailed series of studies conducted over more 
than ten years> which employed personality tests as screening criteria 
for South African bus driver applicants, Shaw et al , (1971) examined 
Eysenck's two factor theory by categorizing items into Extroversion (E) and 
Neuroticism (N) . Correlations of the two scales with the accident cri- 
teria were .61 and .47 for E and N, respectively Such exceptionally 
high correlations have never been duplicated with American subjects, 
A principal factor in these highly significant results is the fact that 
the South African accident rates were extremely high (approximately 2.5 
per 10,000 miles driven), which provided a more stable estimate of 
driving behavior than in most experimental studies. Other factors, 
such as high variation among subjects, a relatively unsophisticated drivinj^ 
environment, and extended and well-measured driving exposure (since bus 
drivers had fixed routes), ail contributed to the increased potential 
for identifying human factors. 

Since these South African results have shown strong relationships 
between personality factors and driving behavior which are rather unique, 
Shaw's work will be reviewed in some detail. 

Shaw's search for a culturally acceptable psychological assessment 
instrument led to the rejection of tlie common standardized personality 



9 

CoTifoining E and N items resultt-d in a correlation coefficient of .79 
with accident criteria. 
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inventories and suggested the more generalizable projective techniques- 
Initially, the Rorschach test was found unsuitable for urbanized African 
subjects. The instruments finally selected were: 

1- Thematic Apperception Test CTAT)--the African version 
developed by de Ridder (1961). 

2. The Social Relations Test [SRT)--a comic strip technique 
developed by de Ridder (Shaw, 1965). 

The combined tests were then administered to summarize an individual's 
personality pattern. The test administrators rated the subjects on a 
five point scale (1 = Excellent, 2 = Good, 3 = Fair, 4 = Poor, 5 = Bad). 

The mean time interval (in days) between accidents was used to 
create a subsequent driving criterion. No attempt was made to weight 
this criterion by either crash culpability or severity. The author de- 
fends this criterion with the statement: 

*^...that irrespective of the degree of blameworthiness 
that could be attributed to the driver, or of the outcome 
of the accident, the veiy fact that he was involved in a 
situation leading to an accident was very significant; 
and the rate of involvement was even more so.*^ (Shaw^ 1965) 

Shaw does note that accident rate is unusually high for new bus 
drivers, and with increased driving experience the rate subsequently 
stabilizes. Consequently, Shaw calculated accident rates only after 
the initial high-accident period. A driver's' accident rate was then 
compared with groip norms for the region in which he worked. This com- 
parison yielded an accident rating on a similar 1-5 scale (1 = Excellent- 
5 = Bad). (Much of Shaw's work is also concerned with other non-traffic, 
on-the-job criteria such as disciplinary problems. These will not be 
described here) . 

During the initial validation of Shaw's testing program, the TAT 
rating correlated strongly with the driver's subsequent accident rating 
Cr =.57, N =163). (Shaw prefers to discuss distributions of ratings, 
rather than correlation coefficients.) After the initial validation, 
the projective testing program was then used as a selection criteria for 
job applicants. Since applicants with low TAT ratings were not hired, 
the range of TAT ratings among new employees was more restricted. Con- 
sequently^ the first foUow-up evaluation (Shaw, 1965) resulted in a 
much lower TAT rating/accident rating correlation (r =.24 or .27, n =212) 
A comparison with a control group also showed significant differences, 
but the comparison was hampered by differences in exposure, driving ex- 
perience, age, and aptitude. By the next follow-up study, selection 
criteria had been relaxed due to a driver shortage, and the TAT 
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rating/accident rating correlation again increased (r =-66, n =1139)< 



However convincing these results on the predictive validity of 
projective testing in a driver diagnostic setting may be, they are 
nevertheless subject to one most important criticism; there are no 
reported reliability data, either test - retest or other inter-rater 
reliability. Since projective testing is based on observer, ratings , 
such reliability measures are crucial for interpretation of results. 
An additional consideration is the ability to generalise Shaw's results 
to more sophisticated driving populations, such as in the United States. 
This issue is particularly relevant to the concept of **accident prone- 
ness" (see Introduction). The most plausible explanation is that Shaw's 
high correlations of personality tests with driving records and South 
Africans high incidence of "accident proneness^* both result from the 
couiitry^s relatively inexperienced drivers and unsophisticated highway 
syst'.^m. Thus, there is little indication that Shaw's results are 
generalizable to more sophisticated driving environments. Finally, 
Shaw's Criterion measure, mean time between accidents, may be opera- 
tionally useful in a privately-operated transportation agency setting, 
but is limite ' in applicability to other situations. It does not con-- 
sider types of driving errors, accident severity, or driver culpability. 

To obtain a more sensitive criterion measure of driver Performance, 
Quenault et al, (1971) studied the relationship between scores on a batte: 
of psychological tests and actual performance of drivers. The 20 subjec 
were first rated by observers on tlieir driving over a IS mile route. 
They were then classified into four fjroups on the basis o£ their per- 
formance in use of .signals, mirror usage, overtaking, risk-taking, and 
near accidents. The four groups v;ere then labeled "safe," '^injudicious,*' 
"unsafe dissociated active," and "unsafe dissociated passive," 

The drivers were administered the follo^ving battery of tests: 

1- P.E.N. Inventory--A ys-item questionnaire concerned 
with self and other judgments of personal behavior. 

2. Thematic Apperception Test (TAT^^ [7 cards) 

3- Social Relations Test-'-Ta^loon drawings used as 

stimuli for the subject to write a story. (8 sets) 



10 

In their review of accident proneness, Shaw and Sichel (1971) discuss 
some of the implications of lowering selection criteria and increasing 
prediction. They conclude that the low predictive utility of many dri 
ver diagnostic instruments in America is a product of the highly con- 
trolled American driving t*nvironment - Deviant drivers are more often 
removed from the highway system. Thus, accidents result more often 
from chance events;, and Irss often from recurrent driver errors. 
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4, The Raven Marticer CIntelligence Test) 

5, The Two-Hand-Coordination Test 

6- Reaction Test (Weiner Determinationsgerat)-- 
a measure o£ subject's performance under stress 

When the results of the measures were compared, the only sig- 
nificant difference among the four groups was found on the P,E,N. 
Inventory, where the Extroversion scale discriminated between the safe 
and unsafe group. No reliability or cross-validation results are re- 
ported in the study, and the sample was too small for reliable 
interpretation . 

In another small study Cn =44) conducted in Sweden, Anderson et 
al. (1970) attempted to discriminate between low and high accident 
groups on Extroversion (E) and Neuroticism fN) dimensions using the 
Maudsley Personality Inventory and a battery of other tests* A per- 
ceptual test. Spiral After-Effect (SAE) as a measure of social- 
emotional adjustment, and a color -word test (Smith and Nyman, 1964), 
were also administered. Accident subjects were found significantly 
more hypersensitive and lower on emotional adjustment CP*^*01)- The 
authors suggest that accident subjects could be classified as '^anxiety- 
hysteric'^ based on the significant differences on the neuroticism (N) 
scale. Most of the analyses are difficult to interpret, and it ap- 
pears that the significant results could have occurred by chance alone, 
since several dimensions were tested, 

Plummer and Das (1973) contradicted these findings in studying 
two groups contrasted on accidents (n =30 each). The Maudsley Per- 
sonality Inventory-Neuroticism scale did not significantly discriminate 
between the groups. In a similar study using contrasted groups, Bracy 
(1970) found slight evidence that accident repeaters were more ap- 
prehensive, using the Sixteen Personality Factors test, but significant 
results again could have been the result of chance, since several di- 
mensions were tested on this small sample (n =40 each group)- 

As a supplementary study to Project TALENT, ^"^ Ashej: and Dodson 
(1970) found that fatal accident victims (identified over a ten-year 
period) had been significantly less mature in personality. The specif- 
ic test to measure personality was not cited. The study methodology 
contains several problems, such as no control for exposure and attri- 
tion due to mobility of students. However, these findings were con- 
firmed by Harrington (1971) in a longitudinal study predicting a four- 
year driving record for high school students. He found that accident 
repeaters tended to rate themselves si.^ificantly more emotional 



Project TALENT subjects (Flanagan et al., 1964) were administered a 
broad range of assessment instruments. Over 800,000 subjects (2% of 
U.S. high school students) were tested in this program. 
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(r =.14) titan accident" free driveiy. McBride (1970) reported similar 
results in an exploratory study of negligent drivers^ using the Gordon 
Personal Profile. He found that recidivists over a two-year period 
were less emotionally stable (r =-*,16) and less responsible (-*41). 
Harano (1974) was unable to confirm these results using a much larger 
negligent driver sample. Hofwever^ he reported results for only a one- 
year follow-up period* Apparently^ the fact that the negligent drivers 
represented a rather homogeneous group (the pr^-selection criteria re- 
duces variability within the sample) coirfcined with the brief (only one 
year) follow-up period to produce the negative finding. 

In another ytudy using the Gordon Personal Profile^ Harano et al* 
(1975) found that accident repeaters were less emotionally stable 
(r i=-.ll). This study used extreme criteria for contrasting samples 
(0 v^i. 3+ accidents) and a relatively large sample (n =427) and also 
incUrded cross-validation. However^ generalization to a random popu- 
lation would probably result in a reduced relationship^ since the con- 
trasted methodology represents a ''ceiling'' of expected relationship* 

In a sub-analysis of an on-going project^ Whinery et al. (1973) ad- 
ministered the **F" validity of the MMP7 to a group of 16-18 year-old 
habitual offenders and a matched control sample* The offender group 
was found to be less emotionally stable^ as inferred from the high 
score on the MMPI validity scale (r =.17). Although this result was 
marginally significant (P^. 11)^ a preliminary analysis showed that 
different MMPI variables predicted recidivism among five different 
sub-populations. However^ at this stage of development in the project^ 
results would be expected to be relatively unstable because of the 
relatively small samples and lack of cross-validation. The study re- 
sults are currently being cross-validated to provide an assessment of 
stability of these predictor.s . ^2 

In general^ some evidence supporting the assumption that emo^ 
tional stability is related to accident and violation involvement has 
been provided by the studies reviewed. (See Table 3-20), Inconsistent 
results appear to be due to small samples^ lack of control for 
exposure and unstable criteria. The stable criteria and extreme sub- 
ject variability found in Shaw's work demonstrated much more predictive 
power thai^in American studies^ where accidents are less frequent (un- 
stable) and subjects more homogeneous. More evidence for the relation- 
ship of emotional stability measures and driving performance (as 
measured by driving record) is found in studies using relatively large 
samples (e.g.> Brown and Berdie^ I960; Harrington^ 1971; and Harano 
et al.^ 1973). Additional aspects of emotional stability will be 
discussed in the following sections. 



12 

Private communication with Judge Whinery^ Marcli 1975. 
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Table 3*20. Selected Studies Using Emotional Stability Measures as 
Assessment Variables 
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Table 3-20. Selected Studies Using Emotional Stability Measures as 
Assessment Variables (ConU 
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Hostil Uy/ Aggression /Mon-Conformity 

The concept of aggression and hostility has a great deal of face 
validity as a predictor of driving behavior. The stereotype of the 
unyielding driver, disregarding the rights of others, and using a car 
to vent his hostility has been suggested in many studies. Conger et 
al. (1959), in a small study, found the accident-repeating driver to 
be significantly more hostile (P^.OS). Examining military personnel, 
McGuire Cl956a) found acci dent-repeating enlisted men to score sig- 
nificantly higher on the Psychopathic Deviate (Pd) scale of the MMPI 
(P^.OS). Rommel (1959) confirmed this finding in his study of acci-^ 
dent-repeating youths who scored significantly higher on the Psycho- 
pathic Deviate (Pd) scale =.35, with n =50). Rommel interprets this 
finding as an indication . of the individual's disregard for social mores 
and defiance of authority. An earlier study by Moffie et al. (1952) 
also showed the Psychopathic Deviate scale to correlate with accidents 
in a small truck driver sample (r =.15), but this result was not 
significant. 

Since previous research had demonstrated that humor was a cor- 
relate of aggression and aggressive tendencies, Kole and Henderson 
(1966) developed a test of 150 motoring-related cartoons, to examine 
the possibility that a humor- related test might be a better predictor 
of driving behavior than traditional paper and pencil tests. Problem 
and non-problem drivers were comr>ared on their reaction to the cartoons 
Significant differences (P<.006^ were found between the experimental an 
control groups, on 35 of the VjO cartoons. Upon cross-validation, 75 
of 100 "good" drivers were accurately identified. Although the study 
appears to have been well-designed, the samples were small pre- 
dictive validity studies are needed, since future prediction of col- 
lisions was not addressed. 

Heimstra et al . (1967] administered a Hood Adjective Check- 
list measuring such factors as aggression, anxiety, concentration, 
fatigue, social affection, sadness, and egotism to 175 male and 175 
female drivers* Each subject then spent 70 minutes performing in a 
driving simulator device, yielding measures on four dimensions os- 
tensibly relevant to driving; vigilance, reaction time, tracking 
performance, and speed maintenance. Normalized coefficients were 
computed between performance and mood measures for the entire sainple 
of 350. Correlations ranged from .10 to , 18 between simulator per- 
formance measures and personality factors, suggesting that no single 
performance neasure was related to any great extent to any of the mood 
measures. When examined separately, males show smaller relationships 
than females. On the performance measures, females missed more sig- 
nals than men and had more tracking errors. Males had more speeding 
errors. (This is similar to F^evel I findings concerning types of 
traffic convictions by sex.) 

In another study examining young male violators (n =84) and 
non-violators (n =^186), Reami.sh and Mnlfetti (1^)62) found violators 
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to be significantly more non-conforming [P^.IO) and ascendant (P^-OOl) 
than non-violators. Hostilityj as measured by the Minnesota CounseUng 
Inventory and the Psychopathic Deviate scale of the MMPI, was not a 
significant discriminator. Harrington (1971) did report young accident 
repeaters to be significantly more aggressive (r =.20) and assertive 
{r ^.16). 

More driving-related measures of defiance of authority have been 
employed in the recent studies of Harrington (1971), Pelz and Schuman 
(1971), aiid Htirano et al. (1973)- Harrington, in his four-year young 
driver follow-up study, found that among males, negative attitudes toward 
courts, enforcement, and the Department of Motor Vehicles correlated .23 
for convictions and -07 for collisions. For females, the correlations 
were lo\^er for both convictions (r = .11) and accidents (r =.02), These 
relationsJiips are probably quite stable since the sample for males was 
n =50S7 aiid for females n =4403. Similarly, the Harano et al. (1973) 
study reported that accident repeaters tended to have more negative 
attitudes toward law enforcement (t =.12), and violators from both 
samples (accident and control) had more rotative attitudes (r =.16)* 
These findings may reflect an important disadvantage of the retrospec- 
tive study-"the attitudes being measured might have been the result 
of the past accidents or convictionsj instead of the cause. These 
authors also found that the accident repeaters were less responsible, 
as measured by the Gordon Personal Profile (r =-.19). 

In another recent study which employed a variety of psychological 
assessment measures, Pelz and Schuman (19^1) derived ^ ind^x based on 
attitudes toward authority called the Rebellion Index. In addition, 
separate scales were derived for *'aiiger toward things/' **anger toward 
people,*' and the ratio of the two '*anger overt/covert* Since this 
analysis examines both violations and crashes by different sub^popula- 
tions , some of the results are presented in Table 5-21* Significant 
but small correlations were found for young males on both violations 
(r = .06) and crashes (r =.07). Youag females shoiif a similar relation- 
ship, but the results are not significant. No relationships were found 
for older males (actually middle-aged), but older females having higher 
rebellion scores had significajitly m'-re violations- 

Interestingly, younger males and older females show similar re- 
sults on an^er toward things, where both younger males and older fe- 
males higher on this scale have more violations (r =.10 and -16) and 
more crashes (r =.05 and -10). Anger tavard people revealed a sig- 
nificant relationship for young males (r =.14) and young females 
(r =.09) with violations. No other relationships were significant. 
The ratio of anger, overt/covert, revealed similar results, with young 
males who scored higher on this scale liaviiig more violations (x = .14) 
and crashes (r =*06). Young females and older females had significant' 
correlations with violations fr =.11 and .18 respectively)* The gen- 
eral results indicate a high level of hostility and rebellion in young 
males which markedly declines a;; they reach middle age. Young female 
drivers also have relatively high hostility levels (though not as high 
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TABLE 3-21 CORRELATIONS OF REBELLION INDEX WITH 
TRAFFIC SAFETY CRITERIA 
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*p<,05 
**p<.01 



as young males), but they score even higher on most measures in mid- 
dle-age. On many of the scales, the older females appear comparable 
to the younger males. 

In general, these studies Cas summarized in Table 3-22) seem to 
suggest that both the accident repeater and violator tend to be more 
aggressive and more hostile toward authority and peers, and they hav^ a 
higher level of disregard for social mores. The magnitude of the re- 
lationships^ however, is slight, and as a unitary concept this dimension 
has low practical utility. 

Impatience/Impulsiveness 

Another conceptual dimension wliich appears frequently in studies 
relating personality factors to driving behavior is the measure of im- 
patience or impulsivity, Plummer and Das C1D73) speculate that un- 
thinking and impulsive use of the motor vehicle when frustrated or 
upset seems to indicate the operation of dichotomous (ox black and 
white) thinking, which in turn facilitates the choice of extreme al- 
ternatives. To test their hypothesis, they administered an adjective 
rating scale (Osgood et al<,1957) of dichotomous thinking to two groups 
(30 each) of accident repeaters and accident-free subjects. Accident 
repeaters were found to be significantly higher on the activity scale 
C26% higher) > potency scale i21%) j evaluation scale C7%) and total 
scale C13%) - 

In an earlier study. Conger et al, (1^59) found accident repeaters 
to have less tension tolerance CP<-01) than accident-free subjects, 
Williams and Malfetti C1970) used an instrument similar to that used 
by Plummer and Das. Adjective checklists (Osgood Semantic Differential-- 
Osgood et al., 1957) were developed to assess attitudes and cognitive 
meaning, especially vifith respect to driving symbols. Two successive 
studies were concerned with defining the dimensions and structure of 
the items. In addition, preliminary attempts were made to determine the 
ability of the test to discriminate between violation/accident groups 
and incident-free drivers (Study 1: N =1000, Study 2: N =1025). Al- 
though the test consiiJtently demonstrated the dimensions of evaluation, 
potency, activity, sensitivity, stabi lity , and aggressiveness , com- 
parisons among accident violators and accident-free violators did not 
demonstrate clear differences, Ttie semantic differential items were 
cross-validated on small ^'good driver^' and ''bad driver^' groups of 
telephone employees. Only lO of 112 items significantly discriminated 
between the groups. The authors conclude that the test may be useful 
for group identification but did not demonstrate utility for individual 
diagnosis. Test-retest reliabilities of ,65 to .80 were reported, al- 
though a sub-experiment to determine effects of faking showed that the 
test can be faked. 

Further support for the tension tolerance concept was provided by 
the Asher and Dodson Ci^^Oj study, in which fatal accident victims were 
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Table 3-22. Selected Studies Using Hositlity, Aggression, and 
Non-Conformity Measures as Assessment Variables 
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Table 3-22. - Selected Studies Using Hostility, Aggression, and 

Non Conformity Measures as Assessment Variables (ContJ 
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found to be significantly less calm. Harrington (1971) found accident 
repeaters to rate themselves as more adventurous (r =.20). Using the 
Sixteen Personality Factors Questionnaire, Bracy (1970) found accident 
repeaters to be significantly more impulsive. The cautiousness scale 
from the Gordon Personal Inventory was found to significantly differ- 
entiate between accident repeaters and accident-free subjects (r =,20) 
in the Harano et al. study (1973). Violators from both groups were 
found to be less cautious (r =^-.24). 

Other studies have produced contradictory results. Whittenburg 
et al- (1973), using the Thurstone Temperament Schedule, found that 
among Coast Guard recruits, the accident-free drivers scored higher on 
the iinpulsive scale- In the follow-up study of negligent drivers, 
Harano (1974) found cautiousness was not a significant predictor of 
recividism. Hwever^ as mentioned earlier, pre-selection probably re- 
duced variability within the sample. 

Once again, the overall results of the analyses conducted on the 
relationship of the impulsivity personality dimension and driving be- 
havior (See Table 3-23) does not demonstrate very clear-cut results. ^ 
Relationships are generally low, but significant. The relationships 
of this factor with other personality dimensions are also unclear. At 
this time, therefore, the impulsivity personality dimension must be 
viewed as a useful area for further research, particularly in its 
interactions with other variables, but is presently of little opera- 
tional utility. 

Sociability 

As a possible extension of the tension tolerance hypothesis, socia- 
bility and activity levels also tend to be related to driving behavior. 
In the Brown and Berdie study (1960), significant correlations between 
the MMPI Hypomania (Ma) scale and traffic convictions (r =,08) and 
accidents (r =-10) were interpreted as evidence of more excessive ac- 
tivity among violators and accident repeaters. Social extroversion 
also correlated significantly with convictions (r =,08). Rommel (1959) 
found accident repeaters to score significantly higher on the Ma scale 
(r =.43), similar to the Brown and Berdie results. These findings were 
confirmed in Beamish and Malfetti's study (1962), where remedial vio- 
lators scored higher on the Guilford-Zimmerman Temperament Survey Socia- 
bility scale and the Minnesota Counseling Inventory Social Activity scale. 
Bracy (1970), using the Sixteen Personality Factors Questionnaire (16 PF) , 
found accident repeaters to be more outgoing and happy-go-lucky (P<,05). 
Harrington's (1971) follow-up study added further support for this con- 
cept. His accident repeaters rated themselves as more lively (r =.15) 
and more assertive (r =.16). In a two-year follow-up study of negligent 
drivers, McBride (1970) reported a significant relationship between 
Sociability (as measured by the Gordon Personal Profile) and recidivism 
(r =.20), 
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Table 3 23. Selected Studies Using Impatience/ Impulsiveness 
Measures as Assessment Variables 
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Table 3-23. Selected Studies Using Impatience/Impulsiveness 
Measures as Assessment Variables (ContJ 
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Whittenburg et al . (1973) found an opposite relationship among 
Coast Guard recruits. Using the Thurstone Teinperainent Schedule, they 
found accident-free drivers to score higher on the Sociable scale, 
(These findings are, however, apparently the result of peculiarities 
within the Thurstone instrument, since these authors, using the same 
subjects, found accidents positively related to the Mann Inventory 
sociab i lity items) . 

Harano (1974), using a much larger sample predicting recidivism 
(accidents and convictions) among negligent drivers, did not find sig- 
nificant relationships with the Sociability, Ascendency, or Vigor scales 
of the Gordon Porsonal Profile Inventory. The non-significant findings 
on these scales had also been found in the earlier study on accident re- 
peatc-rs fHarano et al. 1973), although other personality dimensions from 
the cordon Profile and Inventory were significant (e.g.. Responsibility). 

Some of these research findings are summarized in Table 3-24. Re- 
lationships are frequently significant, but their magnitudes are low. 
Mone of these studies address the interaction between sociability and 
other driving-related behaviors. Thus, there are probably several as- 
pects of sociability and activity which cannot currently be determined. 
For example, does excessive activity result in non-^productive behaviors? 
1£ accident repeaters , are more sociable and outgoing, how do their per- 
';onal relationships affect their driving? Some of these issues will be 
discussed in the following pages. 

Interpersonal Relations 

Many research findings (some discussed previously under "Social 
Stress^O indicated that interpersonal problems seemed to be over- repre- 
sented in accident- repeater, violator, and fatal- accident samples. Finch 
and Smith (1970), as may be recalled, found interpersonal relation prob- 
lems to have been present in 56% of their fatal sample, couipared to only 
8% of a control santple. Many other studies have shown further evidence 
of relationships between interpersonal variables and driving problems. 
Asher and Dodson (1970) found fatal accident victims to be more active, 
but less socially sensitive (P<.05). Accident repeaters in the Harrington 
(1971) study rated themselves as more assertive (r =.19). Bracy (1970) 
found accident repeaters to be more outgoing but high on group dependency 
as measured by the 16 PF (P<.01). Beamish and Malfetti (1962) also found 
violator recidivists to be significantly higher on the dependency scale 
(P<.01) of the Guilford" Zimmerman Temperament Survey. As a dependency 
measure. Conger et al. (1959) found accident repeaters to score sig- 
nificantly higher on separation anxiety (P<.01). 

Accident repeaters in the Harano et al. (1973) study were found to 
participate in group rather than individual activities almost two times 
more often than the accident-free group, but were more dissatisfied with 
life in general, and with their spouse/girl or boyfriend. Blind ratings 
of subjects by interviewers indicated the accident repeaters were 
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Table 3-24. Selected Studies Using Soclabllrty Measures as 
Assessment Variables 
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Table 3*24. Selected Studies Using Sociability Measures as 
Assessment Variables (ContJ 
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significantly less calm and less well-oriented during their participa- 
tion in the research program. On the Personal Relations scale of the 
Gordon Personal Profile, accident repeaters were less personal {r =-.10), 
as were violators from both samples (r =--.07). 

In the study by Marsh and Hubert (1974), driver improvement analysts 
were asked to rate 1210 male '^negligent operators" on U pairs of bipolar 
adjectives. These ratings were scored on 5 scales. Subjects rated at 
the *^cold*^ end of the warm/ cold scale, and ^^negative" end of the positive/ 
negative scale, -vere found to have more convictions after their hearings 
Cr =-.09] and r =^-.08, respectively. None of the scales or individual 
items correlated significantly with accidents. 

Tn contraiit to these findings. Beamish and Malfetti (1962) in a 
small study of violators (n =50) did not find significant relationships 
on thoughtfulness, personal relations, and family relations using as^ 
sorted personality inventories (Minnesota Counseling Inventory and 
Guilfortl"2imnterman Temperament Survey). A sigr^ificant but small rela^ 
tionship wa^s shown on dependence. 

In a much larger study (n =993), Pelz and Schuman C1971) correlated 
their [^qvt floi^tility Index [items relating to arguments or quarrels with 
friends) with violations and crashes. The index correlated significant- 
ly with violations and accidents for both young males and older females. 
Males with higher scores on the Peer Hostility Index had significantly 
more violations Cr =-10) and crashes (r =,07)- For older females, these 
correlations w^ere -16 and -12 respectively- Although slight correlations 
were present for young females and older males, the relationships were 
not significant- 

A {jrie-yr'nr folli>;-up study of driver education students (f'hio 
Department of tiilucation, 19731 found students involved in accidents and 
violations to have la\fer score-s on items measuring social desirability, 
sociability, acceptance of peer values attitude scales, and acceptance 
of Social authority or control- No statistical tests were performed on 
these relationships, ha^fever;, so it is difficult to determine the utility. 

Studies using personality inventories to measure sociability and 
personal relationships have demonstrated several significant but small 
relationships fsummarized in Table 5-25)- In general, the results are 
consistent with findings in other areas that social adjustment problems 
are slightly related to driving behavior, the magnitude of the relation- 
ship declining with age for males, but increasing with age for females. 
Again, further research is needed before these findings can be made 
operational. 

Interaction of Social and Psychological Variables 

Psycho-social adjustment factors have been shown to play an im- 
portant role in .iCcidcMU i nvt^l vemont . Ono cif the earliest studies 
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Table 3-25, Selected Studies Using Interpersonal Relations 
Measures as Assessment Vanabies 
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Table 3-25, Selected Studies Using Interpersonal Relations 
Measures as Asse^^sment Variables (ContJ 
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(Tillman and Hobbs, demonstrated that accident repeaters were 

known to ^sther agencies much more frequently than accident-free dri- 
vers- Of their accident repeaters, 66% had at least one previous contact 
with other agencies » compared to only 10% for the controls. Court/ 
agency records also indicated that accident repeaters had more major 
traffic convictions, minor traffic offenses, offenses against other per- 
sons » offenses against self and against property. In-depth interviews 
with employers^ family, and friends, were conducted to determine back- 
ground, social, and psychological information on victims of fatal acci- 
dents. The accident repeaters were characterized as more aggressive, 
more impulsive, I'^ss able to delay gratification, more exhibitionistic, 
more extensively u^cd projection, and often evidenced serious problems 
with authority, accompanied by social stress and social maladjustment. 

A similar study (Schmidt et al,,1972) conducted an In-depth in^ 
vestigation of a sniall sample of di'ivcr fatalities. The Katz Adjust- 
ment Scales (Katz et al,, 1963) » an instrument used for interviewing 
persons who knew the subject, was used to collect data. The authors 
found five scales which significantly discriminated between single 
vehicle fatalities and a random population represented by test norms. 
The fatality victims were found to have significantly higher scores on 
Belligerence, Negativism, General Psycl^opathology and Hyperactivity, but 
they scored lower on Withdrawal, A finding which has implications for 
alcohol assessment was that nono of the drinking driver fatals had 
ever been convicted of a previous drinking/driving offense. The authors 
suggest that methods other than prior driving record be used to identify 
drivers with drinking problems. The Katz Adjiistment Scale appears to 
be a useful technique for screening high-risk drivers- 

In a replication of the above study> Shaffer et al, (1974) examined 
50 fatal accident^victims , Table 3-26 (adapted from Shaffer) gives the 
results of the comparison of fatal i<;amples with a norm. The fatality 
victims were rated significantly higher on the Belligerence^ Verbal Ex- 
p;msiveness , Negativism, General Psychc^pathologyj and Hyperactivity 
scales, and lower on Withdrawal and Retarr^ation when compared to a con- 
trol group. Correlational analysis with other factors C^.g., age, race, 
BAC) did not shotv strong relationship^, primarily due to the small sample, 

Siinilar results were shown in the Finch and Sinith study (1970) using 
somewhat different personality dimensions, These 'authors interviewed 
relatives and employers of fatal accadent drivers, using a 165 item 
questionnaire and interview. Evidoi'ce of maladaptive functioning was 
found for 20 of the 25 fatally-injui-e-J drivers. Table 3-27 provides 
comparative data between the fatal r^nd control samples. Aiiti-social 
(sociopathic) personalities were highly over- represented in the fatal 
sample. This is consistent with the general trend for the Psychopathic 
deviate (Pd) scale of the MMPl to correlate with membership in accident^ 
repeater groups. As discussed previously, precipitating stresses (job, 
marital, etc.) were present 24 houi^s prior to the crash in 80% of fatals^ 
compared to 12% of the control sami:le. 
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TABLE 3-26 MEAN T SCORES OF MALE DRIVER FATALITIES OM 
THE KATZ AD0USTT1ENT SCALES— R FORM 



Katz Adiustment Scales . Comhined Santales. N=5Q 



Belligerence 


60.3** 


Verbal expansiveness 


56.0** 


Negativism 


56.8** 


Heiplesiiness 


■ -#53. 2 


Suspicioubno-ss 


56.2 


Anxiety 


57.1 


Withdrawa] and retardation 


46.9* 


General psychopathology 


56.2** 


Nervousness 


52.9 


Confusion 


49.8 


Bizarreness 


54.3 


Hyperactivity 


58.3** 


Stabilitv 


49.0 


Level of performance of socially 
expected activities 


49.3 


{Level of expectations for 

oerformanco of social activities 


46.1 


Level of free-time activities 


50.7 


Dissatisfaction with free-time 
activities 


50.4 


Dissatisfaction with performance 





Source: Shaffer et ai. C1974) 
^Significantly different from normative mean of 50 at .05 level. 
**Signif icantly different from normative mean of 50 at .01 level. 
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TABLE 3-27. PERSONALITY DISORDERS AMONG FATALITIES 



Fatalities Controls 



PERSONALITY DISORDERS 
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8% (2) 


NORMAL 
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88% (22) 
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(sociopath) 
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4% (1) 


Alcoholic 


60% 
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8% (2) 


Paranoid personality 


4% 


(1) 




Obs es s iverCompul s ion 








personality 


8% 


(2) 




Hysterical personality 


8% 


(2) 




Pas sive-dependent 








personality 


4% 


(1) 




Passive-aggressive 








personality 


4% 


fl) 


4% (1) 


Schizoid personality 


4% 


(1) 





Source: Finch § Smith (1970) 



Note: Sub-types of personality disorders exceed the totals 

because multiple diagnoses were made for some subjects* 
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Research studies using standardized personality inventories have 
not consistently demonstrated strong relationships between personality 
factors and driving behavior* This lack of consistency has been pri-- 
marily due to methodological problems such as sample size, failure to 
cToss-validate results^ and a disregard for test reliabilities* The 
lack of strong relationships appears to be more related to the poor 
criteria (e*g*j accidents/violations) on which tests were validated. 
More successful results have been demonstrated either when accidents 
occur at a rapid rate to produce stable estimates of liability, or 
when extreme groups are used for analysis, thus maximizing differences 
and reducing non-chance factors* 

It may bc^ aseful at this point to summarize the research findings 
on personality factors and driving behavior, by test instruments most 
frequently employed. The Minnesota Multiphasic Personality -Inventory 
fMMPI) has been used most frequently in studies relating personality to 
driving behavior. Romniel (19591 found that accident-repeating high 
school students were high on the Psychopathic deviate (Pd), Paranoia 
(Pa), Psychosthenia (Pt), Schizophrenia (Sc) , and Hypomania (Ma) scales* 
Brown and Berdie (1960) found significant correlations with accidents 
among a similar yonng group (college freshmen). Those with accidents 
were high on the Psychosthenia (Pt) and Hypotnania (Ma) scales- 

Conger et al* (1959) found several psychological dimensions 
of the Allport-Vemon-Lindzey Study of Values which could discriminate 
accident repeaters, including the esthetic, theoretical, and religious 
scalesT Although clear differences were not demonstrated using the 
adjective check-list method (Williams and Malfetti, 1970), the ''bad" 
drivers tended to have more aggressive responses indicating unstable 
traits . 

Using the Sixteen Personality Factors Questionnaire (16 PF) , Bracy 
(1970) found accident -repeating students to be more outgoing, ap- 
prehensive and dependent* Keath (1957), usinjj tlie Thurstone Temperament 
Schedule^ found that drivers with accidents/violations were more sociable 
less reflective and more impulsive t 

Generalization based on the studies reviewed, however, should be 
viewed with the perspective that several scales on the various in- 
ventories did not consistently demonstrate significant differences be- 
tween contrasted groups of drivers* For example, Beamish^and Halfetti 
(1961) J using over seven instruments resulting in 27 scales, found only 
12 to significantly discriminate between violators and non^violators , 

Using the MMPI^ Broivn and Berdie (1960) reported only three MMPI 
scales (out of 13) li^ere^significantly related to accidents and four sig- 
nificantly related to traffic violations* Of 257 items on the MMPI, 
Rommel (1959) found only eight which discriminated between accident- 
repeating and accident-free youths. 
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Driver Specific Inventories 



Several instruments have been developed specifically for the pre- 
diction of high-risk drivers. Most of these instruments are based on 
item analysis of more standardized personality techniques discussed in 
the last section plus items which were considered to be indicative of 
high-risk driving. Since these instruments employ widely varying kinds 
of items, they will be discussed separately, 

Haner Personal History and Inventory of Driver Attitudes 

Haner (1963) developed a personal history form and inventory of 
driver attitudes for use in classifying high-risk drivers for insurance 
assignment. In an experimental study, he obtained split-half reliability 
coefficients ranging from ,84 to .89, with a sample of 310 insured dri- 
vers (all males under 25), Several criteria were then used to validate 
the instrument: frequency of accident claims, settlement amount of 
claims, seriousness of injuries, and license suspensions and revoca- 
tions. Significant chi-square differences were found by premium groups 
classified on these criteila. However, some analyses were not con- 
ducted because of low criterion frequencies. Subjects were also clas- 
sified on the basis of closed culpable claims against them. Categories 
were statistically equated for "car years of coverage,^' Using the cross- 
validation sample, theoretically expected frequency of claims for each 
category was compared with actual frequency, and in each case, the chi- 
square differences were significant CP<,01) for predicting the risk 
categories. The author notes that the small number of cases were in- 
adequate to run sound statistical analyses. To the knowledge of these 
revieivrers, no other results have been reported on the utility of this 
instrument , 



McGuire Safe Driver Inventory 

The McGuire Safe Driver Inventory (MSDI) was developed to dis- 
criminate between '^g^oii^* and '^bad'^ male driver groups according to their 
accident/violation driving histor>^ O'^'cGuire, 1956b) . The inventory was 
derived by an item analysis of several psychological tests: MMPI, Army 
General Classification Test, Kuder Preference Record, Bell Adjustment 
and Rosenzweitg Picture Frustration Study, as well as items developed 
by the author. One score, denoting risk level, is derived from tlie 
89-item inventory. 

In a comparison of three separate samples of accident/violators and 
non-accident/violators, efficiency of prediction ranging from 61 to' 88 
percent was obtained. Split-half reliabilities ranged from .76-. 89 for 
the inventory. Although the inventory was replicated on different sam- 
ples Ca form of cross-validation), the samples for each comparison were 
relatively small, ranging from 119 to 204 subjects. 
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Dnver Attitudt? Surve:/ 



The Driver Attitude Survey (DAS) developed by Schuster and Guilford 
(1962) is concerrieJ v;ith several aspects of driving. It contains spe- 
cific scales to predict accidents and violations, personal relations 
scales, an alcohol i^cale, and three faking scales. Schuster et al, (1962) 
administered the PAS to 121 male traffic violators before and after at- 
tending a safety program, tn evaluate attitude change as a result o£ 
the program. A biographical luid driving exposure questionnaire was 
also adminlsterf/d. . Multiple regression analysis predicting accident 
and violation a'^titude siotes resulted in multiple R's of .81 and -84, 
respectively. Ijjiti;il attitudes were found to be the most important 
predictors of post-tvst attitude scores. Only ostensible attitudes 
toward safetv ^^ere found to change as a result of attending the meeting. 
In a more receiJtt >tuAy, Schuster (1970) compared two groups o£ driver 
oducation and -:tudv hall students. Surface safety attitudes were again 
found to change as a rosult of students being exposed to driver educa- 
tion. The fakinjT attitude score was also found to increase after 
attending drivt?r education. 

These studies offer little in the way of predicting subsequent 
driving behavior. There appear to be more germaine questions. Is 
attitude change related to su])sequent driving-behavior? Do "surface 
attitude changes" result in actital behavior change? Do any attitude 
changes result in actual behavior change? The DAS appears to be of 
sufficient potential utility to warrant further evaluation, 

Tn a comparative study of l^^oth the Driver Attitude Scale (DAS) and 
the McCuire Safe Driver Inventory (MSDIl, McCuire et al. (1964) ad- 
ministered both inventories to 123 driver license applicants. Table 
5-28, reproduced from this study, gives the relationships found between 
the scales of these in.striiment.s . The negative correlations are due to 
a reversal in scales fhigh score on MSDI = safe driving, high on DAS = 
unsafe). Multiple regression analysis resulted in a multiple. R =.51. 
No analysis was conducted to determine differential predictability of 
accidents or violations. Tn view of the relatively low correlations 
between the tests, the authors suggest that they may measure different 
attitudes. However, since the MSDI has only one score, it might also 
be that similar concepts to the UAS are incorporated but are masked by 
the totc^l score, thus accounting for the relatively low correlations. 
A re-examination usjn^^ fnctor analysis of items from both tests would 
help clarify the concejituji structure of the instruments. 

California Inventory of Driver Attitudes and Opinions (CIDAO) 

In the study of accident liability prediction by Harano et al. 
(1973), a three-part inveatr)ry .sinilar to the DAS and MSDI was developed. 
The CIDAO consists of Part A (items dealing with feelings or thoughts 
about driving, self, other people, life in general). Part B (preference 
for occupation and activiries), ard Part C (estimation of the 
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TABLE 3-28 MEANS AND STANDARD DEVIATIONS FOR THE DAS SCALES 
AND CORRELATIONS BETVIEEN THE MSDS AND DAS SCALES 



DAS 

Scale 


Mn. 


S.D. 


with MSDS 


A 


11.04 


2.80 


.14 


AL 


1.62 


1.09 


-.38* 


D 


. 1.04 


1.57 


-.42* 


F 


15.44 


2.58 


.44* 


V 


8.56 


2.32 


.02 


X 


4.85 

L —I ^_ ^ . ' 


1.77 


.06 



Source: McGuire et al. (1964) 



Note; Mn. of MSDS =54.40; S.D. =5, 35 

* Significant beyond the ,01 level of confidence 
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probabilities that t;ertain socially deviant events will occur, e.g., 
dishonesty, robbery, etc.). A pilot study was first conducted fn =100) 
to select discriminating items. The final inventory was then used in 
a larger study. CIDAO Part A was a highly significant and unique pre- 
dictor of accident group membership (r =-.34), second to socio-economic 
status. It also correlated with convictions fr =-.19). Part A was also 
correlated with other variables such as socio-economic status, ''driving 
for £un,'* and wi^th these Gordon Personal Profile and Inventory scales". 
Responsibility fr ==.21), Emotional Stability (r =.21) , Cautiousness 
fr =.22) and Peisonal delations fr =.21). 

CIDAO is currently being used in a follow-up study to differentiate 
high-risk drivers within the negligent driver population . To date. 
Part A again appears to be most useful. 

The Mann Inventoiry 

The Mann Inventory is a compilation of 63 items reflecting students' 
feelings toward police, school, cars, family, etc. In developmental work, 
teacher ratings of students on safe/unsafe driver dimensions were used to 
validate the instrument (Kenel, 1967). Refinement of the test resulted 
in six behavioral categories: 

CI) Behavior characterized by well-adjusted interaction 
with persons and consistent with the norms of the 
society in which the individual lives. 

C2) Behavior generally characterized by satisfactory interaction 
with persons and society, but with periodic withdrawal 
from contact with people. 

C3) Behavior generally characterized by satisfactory interaction 
with persons and society, but H.ith periodic efforts toward 
assertive action- 

(4) Behavior characterized by forceful, outgoing action or 
vigorous efforts to assert oneself over others. 

CS) Behavior characterized by withdrawal from contact with 
other persons. 

(6) Behavior characterized by a pendulum effect, vacillating 
between extremes of aggression and withdrawal. 

In an initial validation effort the Inventory was administered to 
523 males and 534 females. Students in behavioral catetories 1, 2» 3 

T$ 

Study evaluation currently heing conducted by the California 
Department of Motor Vehicles, 
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(better adjusted) as compared to categories 4, 5, 6 (deviate behaviors) 
were compared by a SO-month follov^-up of their driving records. The 
following percentages of students in groups 1,2,3 were found to be 
accident/violation free: 73, 74, and 63 percent, respectively. In 
contrast, the percentages for Groups 4, 5,6 were; 17 percent, 38 percent, 
and 12 percent, respectively. Combining groups 1, 2, 3 vs . 4, 5, 6, 1? 
percent of the first group had violations compared to 65 percent in the 
second group. For collisions, the figures reported were 12 percent vs. 52 
percent. Reliability coefficients of .70-. 76 were also reported. 

In a retrospective study, Guyer (1970) related the Mann Inventory 
to three-year driving records of 200 college students. Significant dif- 
ferences were found by behavioral categories. 70-80% of students in 
categories 4 and 6 were involved in collisions. In contrast, only 43% 
in categories 1, 2, and 3 were involved in collisions. Unexpectedly, 
the loivest collision rate was 12% for category 5, This group was 
categorized as more *Vithdrawn,*^ and it is possible that they had less 
exposure . 

In another study, Wnittenburg et al,,C1974) administered the Mann 
Inventory to 3,266 Coast Guard Recruits. A factor analysis of the 
instrument resulted in three basic dimensions--Sociability , Risk-Taking, 
and Asocial Behavior. Correlations; with follow-up accidents were very 
low, ranging from ,04 to .06, 



Slebrecht Attitude Scale 

The Siebrecht Attitude Scale (Siebrecht, 1941) is designed to 
measure attitudes toward safe driving. It contains 72 scales dealing 
directly with driving attitudes. Split-half reliability of ,S1 was 
reported, using 100 students. Although Beamish and ^falfetti (1962) em- 
ployed the scale, specific reference is not made to its utility, \ie are 
aware of no other studies that report using it. ^ 

Specific Inventories 

Wallace (1969) developed a 60-item background and attitude ques- 
tionnaire which was administered to problem drivers prior to attending 
one of four driver improvement or treatment programs, as well as to con- 
trol groups. The que5tiannaiTe was based on items from the Mann Inven- 
tory, as well as items subraitted by staff members. The following per- 
sonality dimensions were included in the questionnaire. 

1, Environmental support /attitudes toward authority, 
manipu 1 at ivencss/ conformity 

2, Rationalization/feeling of guilt 

3, Reflect! ve/ impulse, analytical /concrete self- 
reliance/reliance on structure 
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4. Tc'or iit'ncral adjnstnent /isolated driving problem 

5. Sociab L lity/withdrawal , faith in group effort/ 
individual effort "^''^^^ 

6. Attention factors /distract ability 

A total of 782 problem drivers wlio had valid licenses, no prior 
contact with the licensing, agency dur^'-igj the previous six months* and 
from 2-3 previou.^ traffic convictior^. v ^mprised the study group. The 
subjects were randomly assigned to u - yf four treatment groups or to 
a control jjroup. The attitude instrument was administered at the be- 
ginning of treatment, to predict subsequent ^'success." Of the 60 items, 
only 10 items significantly CP<.10) predicted failure (violations/acci- 
dcnts^ in a six-month follow-up period. The "failures" tended to be 
single, had more job changes, had more violations night, denied 
drinking and driving, denied being depressed^ rarely recognized dangerous 
actions, drove to tliink out problems, and felt they were not good at 
"talking their w;fy out of trouble." Analysis of items within each of 
the treatment groups indicated that varying items were predictive of 
subsequent success- No consistent patterns were demonstrated. Although 
significant relationships were found for ten items, the study does not 
provide strong support for predictive utility for this instrument. At 
the P<.10 level, six significant relationships would be expected by 
chance. No reliahility data were reported. In addition, the results 
were not cross-validated? nor was exposure controlled. In view of the 
short follow-up period (six months), perhaps stronger relationships 
could be demonstrated with longer follow-up periods. 

p-fscussion ^ 

The review of driver-specific inventories indicates that generally 
they fare no better in regard to predictive utility than general per- 
sonality inventories* (Some of these research findings are summarized 
in Table 3-29], No single test appears to have been adequately stan- 
dardized for different sub-populations, and none have undergone rigorous 
cross-validatioHj replication, or reliability studies. Most have used 
criterion-keying approaches to item analysis, which may result in re- 
duced reliability of "concepts" measured by the inventories (see Nunnally^ 
1967) , 

A siibtle and biasing factor in retrospective studies is the in- 
fluence of prior driving behavior (i.e., accident/violations] on item 
responses relating directly to safe or unsafe driving. For example, 
prior accidents may influence a subject's response to 'an item such as ' 
**safe drivers are rarely involved in accidents 

Of course, the same criticism can be made about any instrument used 
in retrospective studies, but more direct methods should minimize this prob- 
lem. Schuster et al . (1962) and Williams and Malfetti (1970) found that 
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Table 3-29. Selected Studies Using Driver Specific Inventories 
As Assessment Variables 



t P*clt<1973) 



Type 
Inirrumefit 



milt 



Sam(i(t« Dntnpiign 
and 
M«thO(f 



CDnViChoni 



Contlattd test ind question^ 
o^re itemi with grouP mtmbtt- 
ship based on actid«ni frvquenty 
Grotjpi tontrui«d on 3 or mof^ 

driwfs flvff 3 period. 
Satnpre included maleFand 
ftmiklK meeting criteria. Age 
ftnge not restrkled. 

Sample: Males 3-»- ace: ji~l9G 
0 set: n''23l 
Famades 1+ atcl (i=50 
0 act: n=57 

Pan A included iterm relating 
to thfluQhts about drtvmg. 
self> other people and life in 
general. 

P^rtS indicated preference 



fiU pertain typet of octirpe^ 
tioni and aciivitits. 

Part C coffiitted at stibjective 
probability estimate at 
deviant events. 



Variables 



Type 



Convictions 
i n yr, pffiod) 

Mate 



P^rl A Wow 
stores -agreement 
with accident- 
kev'Et it<ms 



Subscate A UuP- 
pressor variabtel 



Pnrr B {titgh 
scores^agreement 
wih accideni 
keyed nems) 

Part C (high 
scores- agreement 
with accident. . 
k^ed septal 
dfiviance items! 



Sample 
Si/e 



-.13 i .01 



.05 .10 



Number of 
"Very sure" 
responses Ofi f 
Certainty scaieF ! 
{Pirt M i 



rtumber of 
'^fairly sure" 
fespoHF^ on 
Certainty scales 
{Pun A) 



-.09 



.06 



.36 .01 



O: ' .20 



-01 ; .20 



427 



427 



Accidents 



Typ* 



Group Mem. 
benfiip (0/3^ 
act. In 3 yr> 
period) 



(female} 



427 



All 



427 



ticmatel 



-.34 



.291 
.10 



Sample 
Siie 



.01 



427 



.05 



U7 



-.19 .06 



427 f 



1^.07) 
.32 



+.09 



.01 



! 

.05 I 427 I 



.01 



4Z7 



NR NO I Rpt»rted 
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scores on drive r-s{ieci fic i-iuent'ori^a could be significantly faked 
after exposure to safety material. Therefore* faking scales on such 
instruments would appear essential for interpretation- 



Driver^Specific Items 

In addition to studies using driver-specific inventories, several 
studies have included specific individual items on driving attitudes, 
but little can he said ahout iheir reliability. It should be recog- 
nized that responses;, esp=:*ciallY in retrospective studies, may be,.a 
function of previcu^^ driving experience and may therefore be spurious. 
Final determi nat i nn of tlieir utility can only be jnade at the conclusio 
of predictive s*::idiL^s. 



Emotions and Driving 

A number of studies have .sliav^n that drivers who express their 
feelings throuj^h the use of a car tend to be more frequently involved 
in both accidents and violations. In the Harano et al. (1973) study, 
accident repeaters tended to drii'e to 'T>low off steam," "think about a 
problem," and simply "drive for fun" C^^-^^^Ol). They combined several of 
these items into an emotional driving cluster, which correlated both 
with accidents ir =-.19) and violations ^-^21). These findings are 
consistent with those of Harrington (1971) who reported that young 
accident repeaters tended to drive more to ''think about problems" 
(r =.17) and drove to "get away from people'^ (r ==.15). 

Driving "after an argument" and ^'escape driving" were found to be 
significant correlates of both violations and craslies for most sub- 
populations in the Pelz and Schuman study (1971). For young drivers, 
"driving; after an argument" was found to correlate with both violations 
and crashes (.09 and - 10> respectively), por older males, the correla- 
tion was significant for crashes (r =.163> but not violations. The items 
correlated significantly-,.with violations (r =.14) and crashes (r -.13) 
for young females > hut no p.ignificant correlations were found for older 
females. "Escape driving" also correlated significantly with violations 
{r ".13} and crashes (r =.06) for young males. For older males, sig- 
nificant correlations for violations and crashes were .09 and tl3. For 
young females, the items correlated significantly with crashes (r'=^.10). 
Among the sub-^populations studied, older females evidenced the highest 
correlation > with .16 for violations and .18 for crashes.. fSome of these 
findings are summarized in Table .1-30). 

Risk-Taking 

Generally, young drivers tend to demonstrate the highest relation^ 
ship between self-perception of risk and driving record. Harrington 
found accident repeaters indicated that tlicy "drove recklessly too 
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Table 3^30. Selected Studies Using Emotions and Driving 
Measures as Assessment Variables 



Study 



Ifittrunwit 



Stmpli Ditcripinn 
and 
Milhod 



Convictioiu 



Simpli 
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Typa 



Samp1« 
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0 Ate: N= 57 
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+ Acc. in 3 
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Driving 
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-^1 



.0^ 



427 
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about a Problem 
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Drivrng lor fun 



"0" 



3J4 

3J3 



24 



.01 



"0" 
"3+" 



427 



(fem^e) 



3.23 
2.9S 



.23 

JOB 



J)1 



^1 



.01 
JO 



427 



427 



427 



427 
107 



Ifarnngtrin 
(19711 



Inttrviftw 



from large random Voun^ 
drfver umpit int^vievwd 
Itiaie with 3 or tnwe accidflnt^. 
er|U?l number accident^f m 
{lontrols. {Contrasted iampit) 



Driving while 
worried 



Pndtcting 
group m*m- 
befshipr^3 
nr no accldtnti 
in A yr» 
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.22 



Drove to think 
about problem t 
Aget 16-17 



Drove to get 
awav from 
peofili, el 
Agv 1G-17 



.19 



.01 



.02 



.01 



3&2 



352 



Pel; and 
Schurrun 
(1971) 



Quittlc^n- 
naire 



ProbftbilUy tampting of 
driving populatic^n. COrre^ 
lifted lest items with crashes 
and viot«tiont leU-reportld 
and/or from oflfcial files. 

ftatpondent Sample 

Young main; 
Younn f tmaf es; 
Older mat«s: 
Older fimalei: 



n^l672 
n' 483 
n- 303 
ti' 315 



Drfvio^ after 
argument 



£«ape Oriving 



Criteria edjpltid for exposure 
(per 100 driver s/yr.l 



Viqiatiuns & 
Warnings 
{1 Vr.adM 
Young (niii 
Older mate 
Young lemale 
Olcfer female 
Violattnn?& 
Warnings 
(TvrTadD 
Young male 
Qtdar male 
Youtiq (ornate 
Older female 



.09 
J)l 
.14 

.02 



.13 

.oa 

.16 



.01 
MS 
.01 
NS 



.01 
.05 
NS 
.05 



Crijhes 
(1 vr. adU 

You^^gfiiale 
Otder mite 
Youvig female 
Didir femate 

Crashes 
{\ yr. adU 

Young mafi 
Dider m4te 
Young ttmalt 
Older lemale 



.10 
.15 
.13 
.09 



.06 
.13 
.10 
.19 



.01 
.01 
.01 
NS 



.05 

.05 



Nfl ' Not Rfpu/tfcl 
NS T Not Signdicani 



/ 1 Correlation coetfiCtem tcfcichtcl fnaiti«nt ufiT^ss oi^f wi(C ipecitied. OcMHOnallV rneen -rtltjf i reported m r cctumnJ 
P * ^robibiMV ot ii<^tifLcinK l^has bean drOOried) 
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often*^ (r =,19), and enjoyed driving on winding roads =,15), Acci- 
dent repeaters also indicated that they attended **car races frequently" 
(r =-15), would previously have liked to have been a race driver (r =-22), 
or would currently like to be a race d^river (r =,18). Competitive driv- 
ing was found to correlate significantly with violations (r =,16) and 
crashes (r -,0$) for young males in the Pelz and Schuman study (1971), 
Older males scoring high on this item had more violations (r -,12), but 
the relationship was not significant for crashes. Conversely, young 
females scoring high on this item had significantly more crashes (r =,09), 
but no significant relationship was found for violations. The item did 
not correlate with either criterion for older females. The assertive 
driving index was found to be a significant predictor of violations for 
young males (r =.07) and young females (t =-09). The only significant 
relationship with crashes was for single females (r =,09), 

Some of these results are sumjnaxised in Table 3-^31- The generally 
low but significant relationships for young drivers and males would sug-- 
gest that this might be a finiitful area for further research, particularly 
examining interactions between risk-taking, age, sex, and types of driver 
errors - 



Seat Belt Usage 

Seat belt usage can certainly be considered a measure of underlying 
safety attitude. Since seat belts are required in newer-model car?, their 
usage is probably becoming a better measure of safety attitudes than in 
the past. 

Simply driving a vehicle with seat belts was found to correlate 
significantly with violations (r =.09) for males in the Harrington (1971) 
study- No significant correlations were found with collisions. The 
item did not correlate with either criterion for females- This item 
apparently only reflects the age of the driver's vehicle, which in turn 
reflects the driver's socio-economic status. However, the individual use 
of seat belts is somewhat more sensitive- Harrington asked '*Do you wear 
seat belts?" and found significant correlations for males (--12 for vio-- 
lations and ---05 I'or collisions)- Young females who reported not wear- 
ing seat belts also had more violations (r --,08), Similarly, young 
males who seldom wore seat belts had significantly more violations in 
the Pelz and Scliuman (1971) study. No significant relationship with 
violations and crashes were found for older males, younger females > or 
older females. In the Harano et al, (1973) study, *'seat belts in car'* 
did not correlate with accidents. However, accident repeaters tended 
not to use seat belts on long trips (?<,lO)y or on short trips (?<,OS)A^ 



14 

On a five-point scale, higher values " less usage. The means for these 
two items for accident repeaters vs- accident-free drivers were: 
short trips, 3.3 vs, 2,8; long trips, 4.0 vs- 3.5, 
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Table 3-31. Selected Studies Using Risk-Taking Measures as 
Assessment Variables 



Study 


TypB 
of 

Jnttnimant 


Sam pit Danirifition 
and 


Variables 


Valldily 


Convlctii^s 


Accidenli 


Type 


r 


p 


Sample 

Si» 
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r 


p 
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J5 
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.19 
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22 
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J8 
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Quntifin* 
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Respondent Sample 
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Older malts: 303 
Oldfr Itmalts: n= 315 
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(per 100 drw^Fs/Vr.) 


Competitive 
Oriving 


Violations & 
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ti Vf.DdJ.) 
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Yotinv female 
Older female 
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.12 
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M 
NS 
NS 
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M 
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.01 
NS 
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03 
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i 
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NS 
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m 
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NS 
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A summary of some research findings concerning seat belt variables 
is presented in Table 3-32* Results are usually low, and do not appear 
to have practical utility at this time* 

Attitudes Toward the Motor Vehicle 

In Chapter 1, the possibility was mentioned that simple ownership 
of a motor vehicle is an indicator of increased driving exposure, and 
that type of motor vehicle owned might indicate underlying personality 
motivations, as well as socio-economic status* At Level III, further 
refinement of attitudes toward motor vehicles is possible. Presumably 
researchers have included items on car accessories, car-typ9| ^tQ, on 
the assumption that : : olvement with the car could reflect^^^urtjierlying 
attitude in regard to traffic safety. One might speculate that if the 
Car is an extension of ego, these items would be related to emotional 
characteristics, which in turn may be related to driving pe^^orpance* 

In regard to characteristics of a car most preferred, Harano et 
al, (1973) found young accident repeaters to prefer cars that go. . 
faster (r =*10), high performance cai^ (r =*07), and found theiti to be 
less concerned with economy (r =-.07) than other characteristics* 

These findings are summarized in Table 3-33* Although the deinon- 
strated relationships are of low magnitude, it would appear that th'erO 
is some potential utility for these variables, particularly within f^hd 
younger age groups as shavn in the Harrington (1971) study < 

Rating of Self/Others as Drivers 

A few studies have used items which ask the respondent to rate 
himself and others as drivers ^ Both Harrington (1971) and Harano et 
al. (1973) foLtnd that accident repeaters more frequently rated older 
drivers as poorer drivers than themselves, than did controls. Acci* 
dent repeaters, in Harrington's study , thought older drivers drove too 
slowly (r =,17). Accident repeaters also rated themselves a5 better 
drivers (r =.12)15 However, on a single item rating self onlyj both 
males and females who tended to be involved in collisions rated them* 
selves as more unsafe (r =,13 and ,09, respectively). Of cOyrse, ^tems 
such as these may reflect a spurious relationship since those involved 
in collisions may, after the fact, rate themselves as unsafe, ' 

McEride (1970) found that a driver's attitude toward driver im- 
provement was a very strong predictor of recidivism* His attitude 
measure of ^'recognizes need for improvement in driving*^ was pon^^igHif- 
icant, presumably due to an excess of positive responses. However, his 



15 

This measure was termed the Elderly Driver Index, assessing deviance 
between self-rating and rating of older drivers • 
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Table 3-32. Selected Studies Using Seat Belt Measures as 
Assessment Variables 



Study 


Type 

- oi 
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Table 3-33. Selected Studies Using Attitudes Toward Motor 
Vehicle as Assessment Variables 
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variable "attitude toward driver improveinent: grateful" was a very 
significant predictor of siibseciuent convictions (r =--283). 

An indirect measure of driving performance evaluation may be 
reflected in an item concerned with parental restrictions on the young 
driver (Harrington, 1971). Young drivers who indicated that a parent 
had previously restricted or suspended their driving had more col- 
lisions (r =.14). However, again > restrictions may have been a result 
of collisions and/or violations, and thus represent a spurious relation- 
ship. 

Table 3-34 presents some of the research findings on self-rating 
items as predictors of driving. Most results are sufficiently low to 
be considered inconsequential, except for those of Harrington' (1971) on 
a sample of young drivers. It appears that self-rating items, along 
with items on attitudes toward motor vehicles, are useful predictors 
only for the younger drivers (for whom prediction is especially needed). 
In addition, the McBride (1970) study demonstrates the utility of these 
kinds of measures in a driver improvement setting. 



Summary 

The role of personality traits, attitudes, and social characteris- 
tics in accident involvement has been cxainined in a multitude of research 
studies. In general, those studies examining the more transient social 
characteristics have^ produced the more significant findings. For example, 
life stress factors were found to be strongly related to driving criteria, 
especially very severe accidents. Unfortunately, data for these studies 
were almost invariably collected after-the-fact. While this research 
does suggest the need to collect as much current life stress information 
as possible, the retrospective- data collection approach does not provide 
any clear indication of the operational usefulness (future prediction) 
of these data. 

The research examining specific personality traits has been less 
promising. Investigators have used a variety of assessment techniques 
including psychiatric interviews, projective techniques, scores of stan- 
dardized personality inventories, and inventory items based mainly on 
^ intuition, which have revealed numerous statistically significant rela^ 
tionships between person-centered traits and driving criteria. However, 
none of the studies (at least none of the United States studies) have 
demonstrated relationships of sufficient magnitude to warrant practical 
applications, such as classification of drivers on the basis of person- 
ality or attitude tests for either licensing or predicting recidivism 
among "negligent" drivers. There are numerous indications, however, that 
some of these variables may eventually prove useful predictors for speci- 
fic sub -populations of drivers, despite low correlations among the general 
driving population. 
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Table 3-^34, Selected Studies Using Ratings of Self/Others as 
Assessment Variables 
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Table 3-34- Selected Studies Using Ratings of Self/Others as 
Assessment Variables (Cont) 
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Also discussed in this section were research studies examining 
attitude variables, particularly attitudes to\jard driving. Many of 
these results were encouraging. Harano et al. (1973), for example, 
reported a correlation of --34 between accident group membership and 
a scale of the California Inventory of Driver Attitudes and Opinions. 
However, further research will be needed to determine the predictive 
utility of such variables for specific groups of drivers. Additional 
problems, such as *'fakability" of these scales, must be addressed. 

Generally, the research on psychological, social, and attitude 
variables has produced many interesting and pote'ntially useful findings. 
Unfortunately, most of these studies have suffered from recurring 
methodological deficiencies \jhich limit the generalization of their 
results to other populations. These deficiencies will be discussed in 
detail in Chapter 4. 
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MEDICAL/PHYSIOLOGICAL VARIABLES 



Most variables concemiiig a driver's physical condition are based 
On a report by a physician^ Although obtained from various sources, they 
have been discussed in Chapter i, since they frequently are recorded 
in the driver license file* 

This chapter will discuss two areas of physiological measurement 
which can be assessed by non*medical personnel; 

• Alcohol-Related Driver Problems, and 

• Fatigue Effects 

Alcohol -^Rfilated Driver Problems 

As demonstrated in the previous chapters, alcohol usage and its 
relationship to driving is a critical area of investigation. Extensive 
efforts are currently underway to identify problem drinkers and provide 
effective countermeasures , especially through Alcohol Safety Action Pro- 
jects _ ^Jationcl Safety Council, and Alcoholics Anonymous programs for 
drinking drivers • These efforts have each demonstrated the need for 
valid and reliable alcohol diagnosis. 

The major sources of alcohol diagnostic information are; 

Level I • Alcohol-related traffic arrests CDWI ,DUI ,etcO 

Level II • BAG at time of arrest 

• Non-traffic alcohol-related arrests 

• Prior alcoholism treatment 

Level III • Psychometric testing, questionnaires, interviews, 
etc* 

As we have seen, the Level I information is strongly related to sub- 
sequent problems, but occurs so rarely that many problem drinkers can- 
not be identified C^^lse negatives). The Level II information, while 
equally rare, provides a better qualitative estimate of extent of the 
drinlting problem, when available. This section will, of course* be con- 
cerned with the Level III informations-psychometric testing, question- 
naires, and interviews-^which permits assessment among a broader-based 
population, but as yet has generally demonstx'ated less predictive 
utility. 16 



^^It should be noted that many alcohol-related Level III assessment 
applications also contain variables from Levels I and II. 
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In recent years, the field of alcohol assessment has progressed from 
largely exploratory studies of the characteristics of the drinking popu- 
lation, to more concerted applied research aimed at the development of a 
practical driving-related alcohol diagnostic instrument* These efforts 
have demonstrated that the diagnostic assessment of alcohol problems is 
more complex than simply quantifying the frequency of an individual's 
alcohol constimptian - Differing psychological and social factors may 
cause two individuals to consume equal quantities of alcohol for entirely 
different reasons, for whom different treatments may be indicated. The 
concept of diagnostic assessment is useful primarily in two driving- 
related contexts: (1) to reliably predict a subsequent driving criterion 
Vfhich isolates high-risk driver sub-populations; and (2) to reliably pre- 
dict treatment responsiveness, i.e., identify target groups which may be 
most responsive to a given treatment- 

To accomplish these objectives, the following issues must be 
addressed : 

• Item Selection and Scoring . Items chosen for diagnosis should 
reflect the broad range of psychological and social factors which 
apparently determine alcohol consumption patterns* 

<i Target Populations . Should include both the general driving 
population, and specific ''problem'* or count ermeasure sub- 
populations * 

• Reliability Analysis . Must be conducted for every assessment 
technique . 

• Validation Strategies . Validation is also essential to any 
diagnostic assessment application. 

Since researchers have employed numerous strategies to validate 
diagnostic techniques, these should be carefully exajnined. The principal 
distinctions among the approaches to driver assessment validation are the 
temporal distinction of concurrent vs. "true** predictive, and the concep- 
tual distinction of driving-related vs. non-driving-related criterion 
measures. The following is a generalized list of the strategies which 
can be employed to validate alcohol-related diagnostic assessment 
instruments : 

1- Non -Driving-Related Validation (or External Validity^ 

Do the results of this instrument relate to other current 
diagnostic information? (Conduct of this phase i$ not always 
possible, and it is non-essential for driver applications.) 
Variations include: 

• Response Verification . Do drivers respond truthftilly? 
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• Diagnosis Verification CJ--^-> Construct Validity) ■ Does 
classification based on this instrument correspond to 
other available diagnoses? 

Non-driving-related validation can also be divided into con- 
current vs. future predictive, but most analyses are concurrent; 
^'true'^ predictive non -driving -related validation has little 
apparent relation to di^iver assessment. 

2. Driving-Related Validation 

Are responses related to driving problems? This question ckn^. 
be furt]ier divided into: 

• Concurrent Validity . Are responses related to current or 
past driving problems? (This phase is non-essential, but 
a useful precursor to the next phase.) 

• Predictive Validity . Do responses enable future prediction 
of driving problems? (This phase is ultimately essential.) 

The following section will examine some of the recent driver -related 
alcohol "diagnostic development efforts, with particular emphasis on their 
approaches to the above issues of item selection, target populations, 
reliability, and validity. 

Alcohol Consumption Classification Systems 

The principal classification techniques to assess extent of alcohol 
involvement which have been developed by driver-oriented research teams 
consist of : 

■J ^ 

1. Michigan Alcohol Screening Test (MAST); Selzer et al. (1970, 
1971) 

2. Detecting the High Risk Driver: The Development of a Risk 
Questionnaire ; Selzer and Vinokiir (1974] 

3. HSRI Protocol; Mortimer et al. (1970, 1971) 
4- Vermont Driver Profile; Perrine (1974) 

5. Life Activities Inventory; Human Factors Laboratory (1975) 

The following pages will review the development of these instruments in 
some detail . 

1. Michigan Alcohol Screening Test (MAST) 

A major operational. classification technique is the Michigan 
Alcoholism Screening Test (f?!AST) . The design and development of the 
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MAST was reported by Selzer (1970,1971), and by Selzer and Chapman (1970). 
These reports discuss the development o£ a scoring system, and subsequent 
validation efforts. 

Item Selection and Sconng. The original MAST items were incorpor- 
ated with items which had appeared on prior alcoholism surveys (Barley 
et al. , 1965; Guze et al., 1962; and Mulford et al., 1966). The com- 
plete instynjaent consists of 25 questions in a structured interview 
format requiring a "Yes" or '*No'* response, which generally deal with the 
attitudes and behavior associated with drinking alcohol and the conse- 
quences of over-indulgence. Selzer attenq^ted to frame these questions 
to be easily understood, and sufficiently neutral to elicit the truth 
from cautious respondents- Questions concerning quantities of alcohol 
consumed were eliminated "because of the vague and dilatory responses 
evoked." 

For the initial development of the scoring system, the instnjment 
was administered to two gro^s of subjects — hospitalized alcoholics 
Selected from treatment centers for alcoholism, and controls. Items 
which discriminated between alcoholics and controls were assigned 
different point values, in proportion to the degree of discrimination. 
Selzer describes the development of the scoring system as: 

"On the basis of a visual analysis of the percentage 
distributions of the responses of the hospitalized 
alcoholics and controls as well as clinical knowledge 
of the alcoholism syndrome, the most discriminatory 
questions were given greater weight as reflected in 
the point system. . (Selzer, 1970) 

He further e^cplains that thoxagh 

"discriminant analysis techniques were originally 
applied to the data to provide statistically sophis- 
ticated scoring, the resulting system was oimbersome 
and abandoned when the results proved similar to th^ 
scoring system obtained from contrasted groups." 
(Selzer, 1970) 

Target Population . Validation was conducted using five different 
samples, including: (l^ hospitalized alcoholics; (2) controls; (3) drivers 
convicted of driving: under the influence of liquor ("DUIL's"); (4) drivers 
convicted of drunk and disorderly behavior ("D6iD*s"); and (5) drivers 
undergoing license review because of excessive accidents and violations 
incurred during a two-year period ("LR*s"). Significant age differences 
were noted between the grotqps, while their jocio-economic status was 
described as "comparable." 
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Reliability Analysis. Mone of the reports on the development of the 
MAST reviewed here contain any discussion of reliability analysis. 



Validation Strategies. To demonstrate non-dxiving-related 
("external") validity, a 'Validation alcoholism score" for each sub- 
ject was derived from the data obtained from county medical facilities 
and sociftl agencies, the county probation office, and arrest and 
traffic records. The validation score included: 

• The MAST criteria applied to records; plus 

• Additional points for descriptions of uncontrolled drinking; and 

• Additional points for each additional DUIL or D§D arrest- 

A tabular comparison made among the percentage distributions of suspected 
alcoholics for the four relevant samples is presented in Table 3-35. 

On the basis of these percent (Jistributions, and the fact that only 
15 of the 526 subjects were not classified as "alcoholic" by the MAST, 
but were found alcoholic by the validation score (i-e-, IS false 
negatives), Selzer (1971) concludes that the instrument "appears to provide 
an effective means of finding alcoholics in the populations used 
in this study." The present reviewers find little data in these re- 
ports to substantiate this statement. Selzer's percent distributions, 
while showing some validity, provide no indications of the magnitude 
of the correlation between MAST diagnosis and validation score diag-- 
nosis, which was not presented- This correlation would provide a more 
accurate validity estimate. Selzer's low nxnnber of false negatives 
(i-e., drivers incorrectly classified as having no problems^ might represent 
merely an excessive number of false positives, the number of which 
was also not presented- ^ Thus the available data provide no convincing 
evidence of an acceptablr legree of external validity. 



17 

Since lowering cutoff scores to reduce the number of false negatives 
invariably results in an increase in the number of false positives, 
this latter figure is crucial to any estimate of operational utility. 
Unneccessary treatment of false positives (i-e., drivers incorrectly 
classified as alcoholic) will usually reduce the cost-effectiveness of 
an assessment program. 



3-132 



303 



TABLE 3-35. PERCENT CLASSIFIED ALCOHOLIC BY 
THE MAST AND BY EXTERNAL CRITERIA 





Test 


Criteria 




MAST 


Validation 
Score 


Controls 


5% 


1% 


DUlL's 


55% 


25% 


D&D's 


59% 


40% 


LR's 


11% 


11% 



Source: Selzer (1970) 
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Retrospective analyses using three years of accident and violation 
rate data to demonstrate concurrent driving-related validity were 
reported by Selzer and Chapman (1970) . While differences in accident 
and violation rates wer$ noted between the various sample groups fDSDi 
DUILj etc.) J no significant correlations were found between either 
driver record criterion (accidents or violations) and total MAST 
scores, individual MAST items, or combinations of MAST items- 

In view of these pesszjnistic findings, no "true" or future pre- 
dictive validity studies have apparently been conducted. 



Discussion. These authors conclude that the MAST, administered 
alone, is useful for a rapid diagnosis of alcoholism, although not 
useful for prediction of high-risk driving behaviors, and recommend 
further development of the latter. While this recommendation seems 
appropriate, the use of the MAST even for alcoholism diagnosis does 
not appear warranted- Further validation and reliability analyses 
are needed. However, the instrument appears conceptually well- 
constructed and may eventually be found useful to assess some of the 
many dimensions that are related to both alcoholism and alcohol- 
related problem driving. At present^ there are no apparent diagnostic 
applications. 

2. Detecting The High Risk Driver: The Development of a Risk 
Questionnal re 

After previous failures, during the development of the MAST, 
to discriminate the high.,risk driver from the general driver popula- 
tion, Selzer and Vinokur (1974) incorporated the MAST into a question- 
naire battery to identify the alcoholic risk-prone driver. 

Itern Selection Sind Scoring, items selected were primarily transient 
o^^actors, or "life changes,'* such as divorce, job change, and financial 
difficulty, since earlier findings using more fixed individual charac- 
teristics had not been promising. After initial pretesting and revision, 
the final self-administered questionnaire battery was couiprised of the 
foil wing: 

1. A modification of Holmes and Rahe's (1967) Life Events Checklist. 

2. Items concerned with lifo stresses (e.g., marriage, job, 
health, etc.) 

3. Items from the Buss aggression scale . as well as other questions 
regarding physical aggression » 

4. Ttems related to paranoid thinking. 

5. Twelve items from the Zung scale assessing depression. 
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6- Questions on suicidal thoughts or acts. 

Quantity and frequency questions about drinking- 
8, The MAST. 

9- Items regarding driving history during previous year (e-g-, 
recent accidents, mileage, etc.)- 

10. Biographical and demographic items Ce,g,, education, employ- 
ment, income, etc.) , 

Some items with similar content were combined into sub-scales, 
or "indices*'' Thus, analysis were conducted on 18 variables, including 
both individual items, and combined indices, (Scoring methods ^or these 
indices were not reported,) Multiple regression analysis then facili- 
tated the computation of one overall ''accident-risk score-" Thi? 
scoring method was also not reported. 

Target Populations, Preliminary aaalyses were conducted on samples 
of alcoholics Cn=2S8) , and non-alcoholics Cn=274) . After subsequent 
revision of the battery, it was again administered to ^iroups of alcoholics 
Cn=28S) and non-alcoholics Cn=774) , 

Reliability Analysis . The authors report no reliability statistics 
for either the preliminary or the revised test battery. 

Validation Strategies, The 18 variables which result from scoring 
the test battery were correlated with accidents (apparently within 
the past year, and apparently self-reported) to demonstrate concurrent 
driving-related validity- Six of the variables were found signifi- 
cantly CP<,0S) related to accidents for the non-alcoholic sample. 
Four of these variables,- and two others, were significant for the al- 
coholic sample. Number of drinks consiuaed per sitting, problem"^ with 
parents or in-laws, physical stresses, and aggression were significant 
for both sa]t5>les. However, correlations were generally low* Following 
these analyses, the questionnaire was expanded in promising content 
areas and reduced elsewhere to shorten administration time. 

To examine predictive validity, stepwise multiple regressions were 
also coniputed for each group. These were used to compute a "pred^Lcted 
accident-risk score'' for each subject. These scores were then correl- 
ated with follow-up accidents (one year) ^ and folJ^ow-up violation- 
accident points (one year--Michigan -point system) , The only signi- 
ficant relationship found was for the control group, predicting violation 
points (r =-21). No significant relationships were found with accidents. 
Selzer and Vinokur believe these^low correlations were the result 
of unreliable accident records, since self-reported accidents per driver 
were found to be substantially more frequent than recorded accidents 
per driver. While this is certainly a possible explanation, there are 
several other factors to be considered- One is exposure. Many of the 
alcoholic subjects were hospitalized, which must reduce their accident 
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probability, and probably accounts for Selzer's inability to predict 
even violation points for the alcoholic group. Secondly, the homogeneity 
of the alcoholic sainple probably reduced potential . for prediction. 
Finally, the predictive criteria being employed (especially accidents) 
are relatively rare events. It is difficult to demonstrate a relation- 
ship between any variable and accidents, using only a one-year acci^^nt 
sample (except in very high accident jurisdictions, or using highly 
deviant subjects). A longer follow-up period would probably reveal 
the relationship with future accidents (at least for the control 
group) which is suggested by the significant prediction of violation 
points . 



Discussion . Selzer and Vinokur conclude: 

"The results of the prospective analysis of accidents which 
appeared on the driver's record for the 12 month period 
following the completion of the questionnaire demonstrated 
no correlation between our accident-risk score and the 
accidents in either group. Using a new combination of best 
predictors only weak correlations could be obtained. 

Thust the p redictive validity of our risk score hasn 't 

been demonstrated. Consequently, it would be premature and 
unjustified, at the moment, to use our questionnaire and 
its accident^risk score for practical use in prevention 
programs. We therefore reached the conclusion that more 
intensive research will be needed in order to find out 
whether our approach and its resultant accident -risk score 
does indeed lack any validity or that its validity could 
only be demonstrated with a more reliable and refined measure 
of accidents as our analysis seems to indicate." 
(Selzer and Vinokur, 1974) 

We would add that predictive validity for non-alcoholic samples 
appears quite possible. Predictive utility for alcohol -related driving 
problems (or driving problems among those who also have alcohol problems, 
for that matter) is definitely unknown, and not necessarily suggested 
by the data presented here. Further research should focus on the 
interactions of individual items (not indices, or total scores) with 
other alcohol -related variables (e,g. , DWI convictions, alcoholism 
diagnosis). Methods for combining items are also not clearly reported, 
but it is apparent that more reliable factors are needed. 

3. The HSRI Protocol 

Another diagnostic classification instrument, currently 
the most widely -employed, is the HSRI Protocol, commonly referred to 
as the Mortimer-Filkins Test (reported in Mortimer et al,, 1971; 
Mudge et al . , 1971; Kerlan et al . , 1971; and Lower et al . , 1971). 
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The authors address the need for identification and count ermeasure 
assignment of problem drinkers, since this group may be over-repre- 
sented in alcohol-related crashes* 

Item Selection and Scoring . Biographical variables and life style 
variables were selected on the basis of previous studies indicating 
differences between DWI and random sainples of drivers Ce*g. , marital 
status, residence, age, previous arrests, habits, conflicts with rel** 
atives/family) , (An initial pool of 135 items and supporting rationale 
for induction into the battery is found in Mudge et al, 1971). 

Discriminating items, "initially validated*^ from previous studies 
spanning some ten years of work, were then item-analyzed and reviewed • 
The final questionnaire consisted of 58 items fForm It includes 

items within the following conceptual areas: 



Biographical 
Age 

Marital Status 
Health 
- ^oJiancial 



Mental Health 

Abnormal Problems 

Nervousness 

Sadness or Depression 

Self-Denunciation 

General Dissatisfaction 

Sleeping Problems 

Worry, Fear 

Boredom 



The interview contains items on physical health, present arrest situation, 
previous arrest and driving history, drinking history, marital, family 
and work history. The interview was designed to give broader coverage 
of life style patterns than does the questionnaire • 

Specific problems encountered during interview development in- 
cluded the need for a structured format, for objectivity, for uniformity 
of procedures in different settings, and for flexibility to allow the 
interviewer and interviewee to develop rapport and pursue promising areas. 

The final interview (Form B) contains 58 items from the following 
areas : 



Poor Physical Health 
Disability 
Previous Arrest 
Had Been Drinking 
Poor Drinking Controls 



Physical Dependence on Liquor 
Marital Problems 
Family Problems 
Poor Work History 



Scoring procedures are a straightforward summation of all responses 
indicative of alcohol risk, followed by weighting of sub-scales* 
Weightings were determined by regression analysis. 
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Target Populations. Validation subjects were paid volunteers, 
including 297 controls and i92 ''problem" drinkers, selected from 
various alcohol -rehabilitative and other social agencies. Demographic 
'characteristics showed the problem drinkers were older, more frequently 
male, and less frequently married than controls • 

Reliability Analysis. Reliability was determined by pairing 
similar items, thus creating equivalent forms, as well as by the 
traditional split-half method. These coefficients are presented in 
Table 3-36, 

Split -half reliability estimates in operational use have ranged 
from moderate to high, with slight differences noted by test site, 
as shown in Table 3-37. 



Validation Strategies. Concurrent non-driving-related validation 
was initially conducted by comparison of groiq> members)iip by classifi- 
cation scores derived from the questionnaire with those of the inter- 
view. These correlations were very high (,85 - ,92) on the contrasted 
sample. However, since the operational validity of the devipe could not 
be readily generalized because of pre-selection methods, the necessity 
for developing an external criterion for validation was recognized. 

Several alternative methods for further validation of the HSRI 
test (non-driving concurrent) were considered, A comparison of expert 
diagnosis with the results of the HSRI vjas rejected as a val'idation 
procedure, since the method would have little operational utility, 
and a staff with extensive clinical alcoholism background was not 
available at the test site- Specific information on previous history 
of drinking offenses was also rejected as the sole criterion due to 
unreliability of record systems. The final criteria was a composite 
score of BAG level at arrest, previous DIVI offenses, and nuiriber of other 
alcohol -related offenses. This composite criterion was termed GRIT. 
Three levels of drinking were classified by the GRIT criterion. There- 
fore, validation coefficients reported are based on the relationship 
of the HSRI device with three levels of problem drinkers on th^ GRIT 
(social, excessive, problem drinkers). 

The criterion classifications--Social, Excessive, an^ Problem arel''*^ 

SOGIAL DRINKER - Arrest BAG less than ,15% and no DWI or other 

related offenses, 

EXGESSIVE DRINKER - Arrest BAG of ,15% to ,19% or one pr or ml 

arrest or one^two other alcoKol -related offenses. 



Further discussion of the dif^advantages of this "criterion'' can be 
found in Filkins et al, (1973) 
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TABLE 3-36. RELIABILITIES OF HSRI PROTOCOL 





Equivalent 
Forms 


Split-Half 


Questionnaire 
Scale 1 


0.897 


0.946 


Questionnaire 
Scale 2 


0. 887 


0.940 


Questionnaire 
Overall 


0.825 


0.904 


Interview 


0.948 


0,973 


Total Score 


0.954 


0.976 j 



Source: Mortimer et al.,(1971) 
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T/\BLE 3-37. SPLIT HALF cnRRECTEfl ESTIMATES OF RELIABILITY 
FOR tlNWEIGMTED KEYS ANfl WEIGMTEP PREDICTORS 
OF THE l!SRI TEST IN TUO ASAPs 



Scale 


Fai rf ax 
County ASAP" ' 


San 

Antonio ASAP 


Key 1 


0.86 




Key 2 


0.91 


0.83 


Key 3 


0.92 


0.66 


Questionnaire Score 


0.77 


0.60 


Interview Score 


0.92 


0.66 


Questionnaire aiid 
Interview Total Score 


0.93 


0.74 



Source: Mortimer et al.,C197i;) 
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PROBLEM DRINKER - Ajrrest BAG of at least ,20% o£two or more prior 

DWI arrests, or at least three other alcohol- 
related arrests, or possession of any two 
characteristics listed under EXCESSIVE DRINKER. 

The mean percent o£ drivers classified in each o£ the criterion 
categories on the HSRI test are shown in Tables 3-38, 3*39, and 3-40. 

A survey o£ 57 interviews from 12 Alcohol Safety Action Projects 
(ASAP's) was conducted to deterraine the necessity of revision for 
future use. Overall high ratings were given by field personnel on 
operational feasibility, diagnostic capability, and usefulness of the 
HSRI tests in recommending treatments. Interviewers recoimnended some 
changes in vocabulary/ terminology in the questionnaire to improve clarity. 

A comparison of the diagnostic utility of the Mortimer-Filkins 
(M-F) Procedure and loosely structured interview technique developed 
by the Hennepin County ASAP^^ was conducted with a sample of 149 DWI^s, 
Using the CRIT criteria discussed earlier, the diagnostic utility of 
these techniques were compared. Table 3-41 gives the distribution of 
the M-F and HCASAP on the CRIT criteria. 

Based on these con5)arisons neither of the two methods shows an 
optimal fXt to the CRIT criteria. The M-F results in a highej: percent- 
age of classification for Problem Drinkers and Social Drinkers .as 
compared to both the CRIT and HCASAP. Aji extremely small percentage 
of DWI^s are classified as excessive by the M-F. Another means of 
comparing the techniques is to examine their rates of agreement. These 
are: HCASAP vs. M-F, 56.3%; HCASAP vs. CRIT, 56.6%; and M-F vs, CRIT, 
55,7%. These figures indicate some degree of correlation between 
the classification methods compared. However, it also indicates a 
substantial amount of disagreement. Both the HCASAP and the M-F 
yielded over 40% disagreement with the externally-based CRIT criterion. 

The author concludes: 

'*This field study did not determine that either method— 
HCASAP or Mortimer-Filkins — was clearly superior and sug- 
gests additional research employing a more valid an^ reliable, 
criterion measure of drinking problem severity." 



A joint effort between the Hennepin County Alcohol Safety Action 
Project (HCASAP) and the School of Public Health, University of 
Minnesota (1974) . - 
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TABLE 3-38. PERCENT CLASSIFICATION OF ASAP SAMPLES BY COMPOSITE 
CRITERION AND HSRI TESTING USINfi RECOHMErinEn CUT-OFF 
SCORES: Q + I 

05 



HSRI Tsst 


Fairfax Coiinty 


New Orleans 


Ssn 


Antonio 


Classification 


SD 




ED 


PD 


SD 


ED 


PC) 


SD 


ED 


PD " 


Social Drinkers Cl£.393 


62 


2 


4.1. 8 


U.S 


66. 


6 


51.6 


18.0 


73.3 


61.0 


19. V 


Presumptive Problem 
























Drinkers (40-49) 


8. 


\ 


14.2 


7.3 


11. 


1 


22.2 


21.1 


13.3 


U.9 


7.7 


ProbleiTi Drinkers CtSO) 


29 


7 


41.0 


79.2 


22. 


3 


26.2 


60.9 


13.4 


25.1 


73.2 



Source; Mortimer et al- (1971) 
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TABLE 3-39. 



MEAN PERCENT CLASSIFICATION OF ASAP SAMPLES BY COMPOSITE 
CRITERION AND HSRI TEST USING REVISED CUT-OFF 
SCORES: Q + I 



HSRI Test - Criterion Classification 

Classification ; SD ED PD 



Social Drinkers C^:.39) 


j 

U7-4 


52. 


5 


16. 


9 


Presumptive Problem Drinkers (40-49) 


1 in. 8 


16. 


8 


12. 


0 


Problem Drinkers C>50) 


J21.8 

i 

: 78.2 


30. 


8 


71. 


1 


Potential Correct Identification 


16. 


8 


83. 


1 



Source: Mortimer et al. (1971) 



j 

S 

3 

■i 

i 

J 

I 

1 



TABLF 3-^0. CORRELATIOMS OF TEST SCORES WITH THE 
COMPOSITE CRITERION! (GRIT) IN THE 
J^Sfi? S/SMPLES 



Scale 




ASAP 




Fairfax 


NTew Orleans 


San Antonio 


Questionnaire Score 


.35 


.30 


.35 


Interview Score 


.SO 


.41 


.45 


Total Score 


.50 


.41 


.46 



Source; Mortimer et ai. (1^71) 
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TABLE 3-41. DISTRIBUTIONS OF DIAGNOSTIC CLASSIFICATIONS 





CRIT 


HCASAP 


1 ~ 

Mortimer- 
Filkins 


Social Drinker 


16.8% 


3.4% 


23.5% 


Excessive 


29.0% 


46.9% 


6.0% 


Problem 


54.2% 

1 


47.6% 


70.5% 



Source: Hennepin County Alcohol Safety Action Project (1974) 



Although the M-F and HCASAP are siniiliar in several respects 
(conceptual areas covered) , the HCASAP appears to offer some advantages 
over the M-F in this particular setting. The authors state: 



"The major differences between the two procedures appear to be 

that: 

1. A Bore formal structure is used in the Mortimer-Filkins 
questionnaire and interview. In the Mortimer-Filkins 
format, specific questions are asked by the interviewer 
or covered in the questionnaire. Also, a standardized 
scoring format is used which does not provide for data 
not explicitly covered in the questions. In contrast, 
the HCASAP format requires only that certain subject 
areas C^-g-j "impact of drinking on family") be covered 
and does not provide a set of standard questions to be 
asked- While this format allows the interviewer to 
utilize a more individualized series of questions, it 
lowers the likelihood that the saine questions will be 
asked by each probation officer of each client. Similarly, 
the HCASAP format uses a "scoring guide" which can 
direct, but does not independently determine, the 
diagnosis. In other words, the probation officer's 
subjective diagnosis, based on responses and/or observa- 
tions, may overrule the score placed on the interview. 

2. The Mortimer-Filkins procedure does not require a skilled 
staff. It does require 45 to 90 minutes to administer 
both the questionnaire and interview. On the other hand, 
the HCASAP format requires a staff skilled in interviewing 
and knowledgeable about alcohol and other drug problems. 
Also, the HCASAP interview and collateral check usually 
take no longer than 45 minutes. Most cases are completed 
in 25 to 30 minutes. The HCASAP format includes recom- 
mendation for treatment, while the time stated for use 

of the Mortimer-Filkins format does not include scoring 
time or review for recommended treatment. 

3. The HCASAP format places a fairly high emphasis on a 
"collateral check^^ Ci-e-j interview verification with family, 
friends, and/or employer). This data is used not only 

to validate the response provide^I by the client but 
also to elaborate upon the data collected. There is no 
similar procedure within the Mortimer-Filkins format." 

(HCASAP, 1974) 

The primary advantages of the HCASAP are that it takes less time to 
administer and emphasises a '^collateral check. The major drawback as 
compared to the Mortimer-Filkins is the requirement for skilled staff, 
while the M-F is automatically scored and the items structured so as not 
to require a highly-skilled staff. 
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Other comparative studies have been conducted- Epperson et al. 
(1975) inspected the relationship between scores on the revised version 
of M-F (written only) and the problem drinker ratings done by California 
Department of Motor Vehicles Driver IiiFprovment Analysts. The results 
of this comparison yielded a correlation of -43 between the two rating 
methods. The California study also compared the revised M-F score 
with an independent alcoholism test known as the R-A.P., developed 
in Monterey Comty. Results of this comparison indicated a correlation 
of -72 between the two psychometric tests. 

Discussion. The HSRX Protocol (M-F) , both the interview and the 
questionnaire, represents a comprehensive coverage of drinking items, 
as well as all life activity dimensions that have been shown related to 
drinking problems. The Protocol has been administered to a large 
number of subjects through the ASAP rehabilitation efforts. 

Extensive research has been conducted in constructing the final 
version of the instrument, and reported reliabilities are moderately 
high. High ratings were also given by field personnel on the tech- 
nique's operational feasibility. 

Most validation to date has been confined to concurrent non- 
driving-related methods, but several follow-up evaluations are in 
progress (extension of the ASAP programs, supported by NHTSA) to 
deLcrmine the predictive capability of the M-F. 

4. Vermont Driver Profile 



Perrine et al. (1971) selected biographical variables, drinking 
history variables and personality/attitude inventories to develop a 
diagnostic test battery for problem drinker identification. The com^ 
bined instrument was then validated by contrasted group comparison 
of various alcohol and control samples, 

Iten^ Selection and Scoring . Perrine reports that items were 
initially selected in the following areas i 

1. Biographical Data : 104 items on parents, earlier years, 
education, occupation, military service, home, marriage, 
religion, smoking history, and health- 

2. Drinking History : 73 items on parents' drinking behavior 
and attitudes, as well as on respondent's current drinking; 
preferred beverage , frequency, quantity, occasions, companions, 
reactions, and problems. 



3. Alcohol Attitude Scale: 24 Likert-type items. 
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4. Driving History : 39 items on driving education, experience, 
occasions, companions, exposure and mileage, record of crashes 
and citations, and vehicle information, 

5. Test of Driving Skill : 29 four-alternative items, half of 
which involve error choices • 

6. Driver Attitude Survey: 126 items developed by Schuster and 
Guilford (1962) 

Semantic Differential : ratings of 20 concepts relating to 
drinking, driJiking-and-driving, death, accidents, hostility, 
and risk'-taking, 

8. Rules and Regulations Schedule r 29 items on the respondent's 
delinquency, vandalism, theft, gambling, aggrjession behavior, 
etc . 

9. Eysenck Personality Inventory : Form B, 57 items. (Perrine 
et al,, 1971) 



Target Populations , Subjects included clear-driving- record controls, 
roadblock controls, a non-alcohol citation group, and an alcohol (DWI) 
citation group. 



Reliability Analysis , 
the study . 



No reliability analyses were reported in 



Validation Strategies - Several univariate comparisons ajnong the 
various groups indicated differentiation on alcohol usage. A discrimi* 
nant analysis correctly classified 95% of clear-record drivers and 87% 
of DIVI drivers. Twelve variables were selected for discriminant 
analysis between these two groups; 



Sex 
Age 

Lifetime citations 
Citations in past five years 
License suspension 
Occupation 



Nuirber of jctos 
Marital status 

Frequency of beer consumption 
Quantity of beer consun^tion 
Frequency of liquor consumption 
Quantity of liquor consumption 
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Only four o£ these variables significantly discriminated the groups 
CP < -025): 

Number lifetime citations 
Occupation 

Frequency of beer consumption 
Quantity liquor consuniption (P<.10) 

Perrine found that the DWI group had significantly higher scores 
than the clear-record drivers on the violation-attitude scale of the 
Driver Attitude Survey [Schuster and Guilford, 1962). Other differ- 
ences among the groups were noted on the accident-attitude-alcohol and 
personal relations scale- He found no significant or unequivocal dif- 
ferences based on the Eysenck Personality Inventory. The study was 
exploratory, and the author recommended larger samples and refined 
analysis . 

In a more recent study, Perrine (1974) employed an abridged battery, 
based on his previous work, of biographical and driving history variables 
and personality profiles, which was administered to driver licensing 
applicants- The applicants were subsequently labelled as learners, 
operators, DWI, and State employees. Comparisons were then made ajnong 
these groups. 

Analyses were confined to driving- related concurrent prediction. 
No attempts to validate items on external non-driving-related criteria 
were made . 

The study was designed to further identify useful predictors of 
high-risk drinking and to validate the Driver Profile . The areas select- 
ed for study include the Biographical Data Schedule and abridged Driver 
Profile , drinking history and attitudes. The following is a list of 
variables used: 



• Driving History 

Experience 
V I Exposure 

Previous crashes 

Suspensions 

Violations 

• Drinking History 

Frequency and quantity of alcohol 
Preferred alcohol beverage 
Crashes after drinking 

• Social (Stability-Instability) 

Marital partner 
Jobs 
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• Psychological 



Selected items from the Vermont Error- 
Choice Test of Driving Skills 
Driver Attitude Survey (DAS) 

- Accident attitude 

- Violation attitude 

- Alcohol attitude 

Four analyses were reported: (a) between-group comparisons of DWI's 
with all other groups; (b) factor analysis; (c) discriminant analyses; 
and id) multiple regression. Table 3-42 presents the comparison of DWI's 
with all other drivers. These variables are reported by Perrine as 
significant P<,05. 

The subsets of the Driver Profile variables (20) were then submitted 
to factor analysis to clarify the structure of variables. The five 
factors which emerged accounted for 65% of the total variance: quantity- 
frequency alcohol, 25,6%; education and type of drink, 15,6%; driving 
record, 9,2%; marital status, age, and mother's education, 7,6%; and 
accident attitude score (DAS), 6,8%* 

The same varial)les, with the exception of the preferred beverage 
variables used in the factor analysis, were employed in the discriminant 
analysis. In order to conduct the analysis with a complete data set, 
the sample pool oi' 398 was reduced to" 130 cases with complete data. The 
discriminant analysis results provide additional support for the univari- 
ate analysis reported earlier — that the DWI's tend to have more driving 
history incidents (accident/violations), and tend to be oldar, have less 
education and drink only slightly more. 

These variables were again XMsed to predict self-reported crashes 
during three previous years < Significant predictors were crash- after- 
drinking, age, error choice, no citations, and marital status. The 
author concludes that this study has demonstrated that the Driver 
Profile is "technically feasible" as an approach for identifying high- 
risK drivers and "is sufficiently valid to warrant continued refinement," 
He recommends that the battery be shortened, that the number of items on 
the Vermont error-choice test be increased, and that new scales be 
developed. 

In the regression Walysis predicting reported crashes in the last 
three years, concxirrent crashes after drinking, age, risk-taking attitude, 
number of citations, and marital status were found to be the most impor- 
tant predictors. In another regression, crash- after- drinking was used 
as the dependent variable. Significant predictors were combined crashes , 
violations, suspensions, age, error choice item Cpeople who take risks) , 
quantity- --beer, and quantity- -wine . 
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TABLE 3-42. CHARACTERISTICS OF PHI COMPARED TO OTHER DRIVERS 



VARIABLE 



TREND 



BIOGRAPHICAL VARIABLES 



Age 

Education 
Marital Status 
Employed 
Occu5>ation 



Older 

Less education, "parents less, etc* 
Widoived, separated, divorced 
Le$s likely employed 
Other occupation than student 



DRIVING VARIABLES 



Crash 

License suspension 
Driver Education 



More crashes 
^^ore suspensions 
Less often reported Driver 
Education 



DRINKING PATTSRNS 

Consumption More beer, liquor, preferred beer 

Less wine 

ACCIDENT AND ALCOHOL ATTITUDE SCALES 

DAS (Scale) DlVI^s tended to respond tward 

*'safe*' driver items on scale 
(may be attributable to falcing) 



Source: Perrine (1974) 
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These results, unfortunately, are based on contandnated criteria - 
since total crashes in part are a function of drinking-related crashes 
and vice versa. The use of the variables as both predictors and depen- 
dent variables appears to be a highly questionable method. In both 
cases these driver records would be ejqjected to explain the majority of 
"unique" variance^ Perhaps the factor analysis gives a better indica- 
tion of the relationship of variables and group classifications. Five 
factors emerged: (1) quantity/frequency (beer) ; (2) quantity/frequency 
(wine and liquor); (3) driving record variables (convictions, accidents); 
(4) biographicnl variables; and (5) DAS attitudes. Group membership did 
not load high on any factor. 

The discriminant analysis is subject to the same limitations as the 
regression analysis. That is, suspension was included as a predictor of 
DWI when in fact it would be ejqjected to be in pairt a function (adminis- 
trative) of DWI classification. Aside from this spurious effect, DWI's 
were found to be older, less well-educated, and had more suspensions. 
Some general univariate group comparison results are reproduced in 
Table 3-43. 

Discussion . This study was useful for exploring the relationships 
between several variables and self- reported driving behaviors. The 
selection of test instruments appears quite comprehensive. However, 
there are some serious methodological flaws. 

First, the administrative utility may be seriously questioned, since 
there were marked reductions in samples for analysis because of incomplete 
data (n-390 reduced to n=130) , Secondly, self-reported crashes were used 
as a criterion without reference to reliability or other problems associ- 
ated with self-report criteria. There was apparently no external vali- 
dation of the criterion measure (although actual accident data would be 
ejqjected to be available in a driver license setting) • No efforts were 
made to determine predictor or instrument reliability. Additionally, 
several of the analyses did not clearly distinguish between predictors 
and criterion measures. Thus, the results were contaminated by inter- 
dependent criteria such as suspensions and convictions for DWI. 

,A more concerted research effort will be required before the battery 
is. operationally feasible for '^screening would-be drivers." The efforts 
should include folloii^-up criteria for predictive validation and cross- 
validation. 



5. Life Activities Inventory 

An instrument for measuring life changes, the '*Life Activities 
Inventory" (Human Factors Laboratory, 1975) was developed for evaluation 
of ASAP programs and a model program, *<Power Motivation Training.'* The 
instrument contains 24 items covering most of the life areas found in 
other instruments (e.g., MAST, HSRI Protocol). The items refer to 
recent changes in health, job situation, income, volunteer/outside 
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TABLE 3-43. GROUP COMPARISONS ON VERMONT DRIVER PROFILE ITEMS 



Others DWI 

n % n 



Nutrtjer of 
Crashes 

None 209 63,7 28 35.9 

One 53 16.2 26 33.3 

Two or more 19 5.8 13 16.7 

N/A Unknown __47 14.3 _L1^ 14.1 

32S 78 



Crashes After 
■ Drinking 

Yes 
No 

N/A Unknown 



23 7,0 

276 84.1 

29_ 8.8 

328 



32 41.0 

40 51.3 

A. 7.7 

78 



No. Motor 

Vehicle 

Convictions 

None 
One 
Two + 

N/A Unknown 



204 62.2 

49 14,9 

27 8.2 

48 14,6 



328 



18 23,1 

29 37.2 

25 32.1 

_6 7,7 

78 



No. of 
Suspensions 

"0" 
One 

TVro or more 
N/A Unknown 



254 77,4 

22 6,7 

4 1.2 

48 14.6 

328 



16 20.5 

24 30,8 

__8 10.3 
78 



Beer Quantity 



None 


45 


13,7 


4 


5 


.1 


1-2 


72 


21.9 


13 


16 


,7 


3-4 


84 


25.6 


19 


24 


.4 


5 or more 


105 


32,0 


30 


38 


.5 


N/A Unknown 


22 


6.7 


12 


15 


,4 




.328 




78 
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TABLE 3-^3, (continued) 
Others . DWT 



Wine Quantity 



None 


111 


33.8 


42 


53.8 


1-2 


96 


29.3 


11 


14.1 


3-4 


58 


17.-7 


3 


3.8 


5 + 


2^1 


7. 3 


2 


2.6 


N/A Unknown 


39 


11.9 


20 


25.6 




328 




78 





Liquor Quantity 



None 


94 


28 


7 


17 


21.8 


1-2 


86 


26 


.2 


15 


If). 2 


3-4 


76 


23 


2 


16 


20.5 


5 + 
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Age 

* 20 26 

20-24 105 

25-39 130 

40 + _65^ 

328 



7.9 

32.0 12 15.0 

30.6 35 45.0 

10. S ^ 40.0 

78 



Source: Adapted from Perrine [1974) 
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activities, marital status, famU^y activities, drinking habits, etc, 
A manual has been developed to provide semi-structured guidelines for 
interviewers and coding procedures. 

Further Developtnents , NHTSA plans to use the instarument along with 
driver record data to evaluate the effectiveness of alcohol-rehabilitation 
efforts* No results have been reported to date < 

Discussion of Alcohol Diagnostic Techniques 

The review of current driving-related alcohol assessment literature 
has revealed a potential for useful techniques, but also some methodologi- 
cal limitations which hamper current applications. 



Item Selection and Scoring. In the development of traffic safety- 
related alcohol diagnostic instruments, item selection has often been 
based on criterion -keying methods, which usually amount to simply trial 
and error* It may be useful, therefore, to examine diagnostic content 
areas within a fraiaework of the overall alcohol consumption problem, as 
well as in relation to traffic safety. Cahalan's C1970) studies on 
identifying problem drinkers C^lthough not primarily concerned with 
drinking drivers) are among the most comprehensive in the field of 
alcohol problem diagnosis, and provide one of the broader vantage points 
on assessment development* Based on an extensive review of the litera- 
ture, and several sub-studies examining the relationship of psycho- 
social and medical factors in drinking, Cahalan developed eleven content 
areas as specific criteria for evaluation. These criterion measures, 
which Cahalan used to confute an overall index of drinking problems, 
include: 

Index of Frequent Intoxication Job Problems 

Binge Drinking Problems with Police or Accidents 

Symptomatic Drinking Health 

Psychological Dependence Financial Problems 

Problems with Spouse or Belligerence Associated with 

Relatives Drinking 

Problems with Friends or 
Neighbors 

These categories illustrate the^.broad range of content areas which 
can be usefiil to assess alcohol problems. Since the applicability of 
these content areas to the drivings-related alcohol problem is a reason- 
able Cthough unproven) assumption, it may be useful to examine the cur- 
rent techniques to determine the extent of their coverage of subject 
areas which have shown relevance to general alcohol prediction. Table 
3-44 demonstrates a breakdown of the diagnostic instruments reviewed, 
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TABLE 3-il4. ITEM CONTEMT OF ALCOHOL DlAGMOSTtC ASSESSMCNT TECHNIQUES 
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Filkins (1973) 


Hortimer- 
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3 




4 


3 


1 


Binge Drinking 


1 
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1 
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18 
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1 
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- 


- 
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1 


- 
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4 
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8 


1 


1 
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1 


7 


3 
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Z 


18 


1 
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4 
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Police 


Z 
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Z 


13 


1 




Health 


1 


25 
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9 


Z 
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3 
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General Psycho- 
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du 
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1 


1 
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Smoking Habits 




1 


Z 








Biographical 
Variables 




44 
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Education 




4 




1 


1 


1 



Source: Adapted from: CahaJan (1970) 
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by each o£ Cahalan's content areas, Further content areas included in 
these instruments are also shown. 



Target Populations , a researcher's view o£ the appropriate ''target 
population'^ for alcohol count ermeasures has often influenced the sample 
selection for validation. Some consider alcohol impairment a traffic 
safety problem among a wide range of drivers, such as moderate or ^'social" 
drinkers, "problem" drinkers, and "alcoholics,'' Others define slightly 
different classification categories, but most concentrate their efforts 
upon the more excessive drinking groups. 

Even considering only problem drinkers, it is apparent that problem 
drinking does not imply problem driving, Tor example, a substantial pro- 
portion of the population who are treated for alcoholism never come to the 
attention of driver control authorities. An ideal diagnostic system for 
a traffic safety-related agency must therefore be capable of isolating a 
problem drinking driver from the population of problem drinkers. However, 
the identification of alcoholism or general problem drinking is itself a 
major task, without atten^ting to identify those who are also "problem 
drinker drivers," Thus, many recent efforts have been directed primarily 
toward identiifying problem drinkers. Most of the studies reviewed have 
employed samples of problem drinkers or alcoholics for validation. Only 
two of the techniques, the MAST and the Vermont Driver Profile, were 
reported to have also been validated nn general problem drivers. 

There are essentially two approaches toward further refinement of 
these diagnostic methods. One is the selection of problem drinkers from 
among groups of known problem drivers- The other is the reverse — 
selecting problem drivers from known problem drinkers. Each of these 
approaches has been attempted during recent diagnostic instrument evalu- 
ations, with varying degrees of success. Generally, identification of 
problem drinking has been the easier task. Efforts to select problem 
drivers from problem drinkers have been much less convincing. 



Reliability Analysis . This is perhaps the least difficult, yet most 
frequenty neglected, phase of assessment technique development. Since 
it is a prerequisite to any conclusions regarding validity of a new 
technique, it must be considered essential • However, only one technique 
reviewed, the HSRI Protocol (Mo^timer-Filkins) reported any reliability 
data. Reliabilities reported for that device were moderately high. 



20 

A list of all specific items was not reported by Perrine ^1, (1971) 
or Perrine (1974) , 
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Validation Strategies . Approaches to the validation of driver- 
related alcohol diagnostic techniques have included non-driving- 
related, or "extema^l" validity, and driving-related concurrent and 
predictive validity. Because o£ the widely varying iinplications o£ 
these -approaches , each should be considered separately- ^ 

1 , Non-Driving-Related Validity 

Although not directly applicable to accident reduction, valida- 
tion using non-driving criteria has several useful applications. Indi- 
vidual item responses can be compared with similar data from an exter- 
nal source to verify whether the subject has attempted to conceal his 
.problem. This validity function will be referred to as "response 
verification validity,'* At another level, total scores or diagnostic 
classifications can be compared with data from an external source to 
determine applicability of the device for a non-driving specific problem 
such as alcoholism, Tltis approach will be referred to here as "alcohol 
diagnostic validity," 

• Response. Verification V^alidity 

Accuracy or "truthfulness" of responses is an aspect of valid- 
ity which is especially important in alcohol assessment, since excess- 
ive drinkers often have reason to conceal their problems • Most 
attempts at resolution of this problem have involved some form of 
comparison between responses and official records* A related factor 
to be considered is the setting in which validation efforts are 
conducted. Items which are answered candidly in a research environ- 
ment may be less useful in an operational situation, particularly a 
high-stress setting C^-g-j during adjudication) where problem con- 
cealment might be expected to be the greatest • To these reviewers* 
knowledge^ no such examination of "truthfulness" in a high-stress 
situation has been conducted using a response verification approach. 

An alternative (though not equivalent) approach was demonstrat- 
ed in a recent study by the California Department of Motor Vehicles, 
These researchers [Epperson et al*, 1975) eii^^loyed a revised version 
of the Mortimer-Filkins instrument, which included ei^t faking scale 
questions derived from the MMPI, Although the testing was done by 
state driver improvement analysts, subjects were informed that the 
results would be used only for research purposes. To the extent that 
the MMPT lie scales are valid, the results of that study indicated 
that lack of truthfulness did not appear to be a large factor. The 
correlations between the lie scale and other constructs were generally 
low [approximately -,20), The lie scores were also not correlated 
with criterion performance. 

Further research should address this problem in a true high- 
stress situation* The individual item verification approach would 
also appear preferable [though not necessarily feasible) to thi.^ 
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faking scale approach, since certain test items might be answered 
more candidly than others. A faking scale can only assess general 
probability of faking. 



# Alcohol Diagnostic Validity 



The primary question addressed by this validation approach is 
"How well can diagnosis or classification be verified?" or, stated 
in a slightly different context, ^^How well does the data collection 
instrument quantify the extent of an alcohol problem?" These are 
also the questions which have been most difficult to answer. In the 
field of alcohol assessment, the largest obstacle has been the diffi- 
culty in defining what is meant by "alcohol problems." The develop- 
ment of valid criteria for defining drinking problems has been a 
major concern for several decades. The term "alcoholism" itself has 
undergone several shifts in enq^hasis and definition,^ while the con- 
ception of alcoholism based on an epidemiological (disease) model 
has been subject to severe criticism, based on socio-legal issues. 

Current alcohol research (at least the traffic safety-related 
research) has attempted to validate assessment systems by comparing 
the results with certain "external" measures are simply classifications 
ism. Frequently these "external" measures are simply classifications 
based on other related diagnostic instruments. Thus, one hypotheti- 
cal classification system is used to validate another, introducing an 
often conspicuous circularity. 

Other studies have used truly external criteria. The MAST 
and the HSRI Protocol were reported validated on external criteria 
(i.e., other agency records), but neither evaluation produced proof 
of an acceptably accurate diagnosis of alcohol problems. 

As previously stated, however, an accurate diagnosis of an 
alcohol problem is not essential to driver problem assessment « At 
present,. the relationship between driving-related alcohol problems 
and more general social alcohol problems is not clear. It is known 
that alcohol consumption occurs throughout many different classes of 
people, for many different reasons, with widely different consump- 
tion patterns. As a result, ''alcohol problems'' might more properly 
be defined from an "effect on society" point of view. Thus, an alco- 
hoi problem could be defined by certain social rehabilitation agen- 
cies as "alcohol consumption resulting in unemployment," or "alcohol 
consumption resulting in deviant behavior.** A driver control agency 
might define an alcohol problem as '^alcohol consumption resulting in 
impaired driving." ' 



The disease concept assumes that the individual is not responsible 
for his actions. In regard to rehabilitation, the label itself negates 
the importance of other factors (e.g., psychological, social, cultural, 
etc . ) * 
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Thus, driving-related alcohol assessment should be capable 
o£ predicting a criterion measure which includes the desired target 
behavior — impaired driving. This topic will be discussed below. 

2. Driving-Related Concurrent and Predictive Validity 

The ultimate question to be answered about any driver assessment 
technique is ^How well does it predict future driving problems?" Concur- 
rent validation approaches provide only partial answer^ to this question* 
Most attempts at relating alcohol assessment variables to driving prob- 
lems have employed this concurrent approach, using past driver record 
variables as criteria. Reported validity statistics were usually sig- 
nificant, but disappointingly low. However, this approach is useful to 
examine relationships among assessment variables, as well as to deter- 
mine whether a more costly follow-up predictive study is warranted. 

To be useful for operational assessment, a diagnostic instrument 
must be capable of predicting future events. Such capability can only 
be demonstrated by comparing the results of the instrument with events 
(criteria) which occur subsequent to assessment. This demonstration has 
seldom been successfully conducted for traffic safety -^related alcohol 
assessment techniques. (Selzer et al., 1974 and Perrine, 1974 reported 
marginal significance*) Again, the major problem is lack of a suitable 
criterion, measure. For example, prediction is very limited using alco- 
hol-related driving measures (e.g, , DWI convictions) since these are 
extremely rare events. 

A summary of the current alcohol assessment research is presented 
in Table 3-45. 



Reconmendatlons and Conclusions 

Current Trends in Alcohol Assessment . Diagnostic assessment of driv- 
ers with alcohol-related problems is a complex and multifaceted area of 
research and development. Ideally in the field of traffic safety, diag- 
nosis is most useful in a predictive mode where potential involvement in 
crashes, especially fatal crashes, can be ascertained. Presently, the 
primary effort in diagnostic assessment has centered on the apprehended 
DWI- Since this group represents only a small proportion of those indi- 
viduals who will ultimately evidence alcohol-related driving errors 
(about 12% of convicted DWI*s are later convicted of a second offense), 
diagnosis and treatment have not yet demonstrated a marked reduction of 
traffic accidents- However, with expanded alcohol detection efforts 
through enforcement, and greater willingness on the part of the courts 
and licensing agencies to participate in diagnosis-treatment programs 
(as opposed to more traditional approaches such as plea-bargaining, 
jail, etc.), the potential for diagnosis is increasing. Several states 
are now obtaining legislative approval to expand efforts in alcohol 
diagnosis and treatment. The most apparent impetus for this current 
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Table 3-45. Summaries of Alcohol Diagnostic Instruments fCont) 
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trend has been the Alcohol Safety Action Projects (ASAP*s), which have 
deittonstrated the feasibility of coordinated efforts by several agencies 
in both the traffic enforcement/control and public health domains. 

In 1967, Waller stated that of the DWI*s he examined, about 80% could 
have been diagnosed five years previously as potential DWI*s by using 
available community agency records. He concluded that a viable area of 
further research would be the examination of not only driving records, 
but also community service, health, and welfare agency records. Closer 
cooperation between the licensing agencies, courts, and conmiunity agencies 
has made this suggestion a reality in several states • 

In anticipation of the need for evaluation of diagnostic treatment 
efforts, numerous individual data are now being collected in some states 
(e-g-, Wisconsin, New York, California). These data bases will provide 
an opportunity to "track" individuals over time to determine both 
recidivism and the predictive utility of diagnosis. 

Future Possibilities . Continued efforts in refining alcohol diagnos- 
tic instruments for drinking problems should remain a high priority among 
driver control/enforcement agencies. Some specific issues to be address- 
ed include'- 

• the need to predictively validate assessment instruments 
on large samples; 

• the need to broaden assessment to drivers not necessarily 
identified as DWI,. but including groups with high risk 
potential; and 

• the need to broaden validation efforts to include such 
measures as life styles, psychological variables, driving 
patterns, etc. 

Ultimately, of course, diagnostic classification is of little utility 
without effective count enrieasures for the remediation or ccjntrol of devi* 
ant driving behaviors* The parallel effort to develop effective counter- 
measures should also continue, recognizing the need for separate evalu- 
ations of assessment and treatment* 

Additionally, since most useful follow*up criteria (e-g-, accidents) 
will inevitably result in low validity coefficients, the problem should 
be ccjnceived on a broader societal basis which would address other 
destructive behaviors resulting from alcohol use- For exan^le, court pre- 
sentence investigations; basing diagnosis on extensive and coordinated use 



However for other reasonis, the effectiveness and even the desirability 
of the ASAP concept have recently been questioned by some investigators 
(Epperson et al-, 197S) - 
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o£ the data files and assessment efforts in other regulatory agencies, 
should result in more accurate diagnosis of alcohol problems, and address 
alcohol problems with a broader perspective (e.2*j mental health, public 
health, traffic safety, crime, or family dissention)- Centralized treat- 
ment, with reports to appropriate agencies, should also become a reality. 

Fatigue Effects 

Driver fatigue has been suggested as a major cause of highway acci- 
dents. Research sponsored by the Pennsylvania Turnpike Commission in 
the 1950's reported that fatigue was a factor in 13 - 20% of Turnpike 
accidents, and was indicated in 35% of fatal accidents (Forbes et al-, 
1957). In 1965, the Oklahoma Turnpike Authority reported that 22% of 
the accidents during a ten-year period had been classified as "driver 
went to sleep'' accidents. These accounted for 45% of all fatal acci- 
dents, and 48% Of the fatalities (reported in Case et al., 1970b). These 
findings suggest that extreme driver fatigue ranks with alcohol as a major 
societal/driver prbbleiin. 

However, the more recent figures resulting from Indiana University's 
multi-disciplinary accident investigations (Institute for Research in 
Public Safety, 1974), do not corroborate the two turnpike study findings. 
Dozing and fatigue were cited as causal factors in only 0.0 - 0.5% of the 
accidents investigated. There are several possible explanations for this 
sharply contrasting result, it is possible that the earlier studies 
applied a general description of "drowsiness*' to accidents with no read- 
ily apparent cause. It is also possible that in the multi-disciplinary 
investigations, other causal factor categories to which sigjiificant per- 
centages of accidents were assigned (inattention, 13-19%; improper look- 
out, 16-25%; decision errors, 36-58%) might reflect undetected fati^e 
effects. However, either of these interpretations is difficult to 
support . 

The task of assigning causal mechanisms based on the situational and 
retrospective analyses of accident occurrences is a difficult one. In 
addition to the problems of obtaining reliable and valid information' 
necessary for making even sound descriptive assessment, the establishment 
of the cause of an accident involves additional levels of inference. The 
fact that, say, 40% of accident-involved drivers were sleepy at the mom- 
ent of their accidents would not be very remarkable if we knew that the 
same percentage of all drivers on the road at the same time and place 
were also sleepy. There is also a large degree of arbitrariness in mak- 
ing causal assessments. In multi-disciplinary studies, there are often 
strong motives to find a cause (as opposed to the acknowledgement of the 
"chance*' factor), and to identify the ultimate causal responsibility for 
accidents as residing within the person. For. this reason, any of these 
accident-cause field studies must be interpreted with extreme caution. 

There are also dangers in broadening the definition of fatigue to 
cover all phenomena mediated by attentivcness and vigilance. It is dif- 
ficult to determine whether failure to ^'respond appropriately*' is due to 
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sleepiness, boredom, preoccupation, 'hypnotic fixation,'' poor percept- 
ual integration, inability to concentrate, or distraction. Some author- 
ities define fatigue to encompass all performance decrements associated 
with length of performance, whereas others delimit fatigue to the physio- 
logical state of sleepiness and its subjective concomitants. The danger 
of excessively broad definition lies in treating dissimilar things as 
identical, thereby searching for a uniform set of determinants that do 
not exist. 

The research to date has provided information sufficient to justify 
only a limited division of fatigue into two general categories — sleep- 
deprivation-induced and task-induced (Hulbert, 1972). It is hoped that 
further research will allow narrower definitions of fatigue. 

Exploratory theories of task-induced fatigue range from those that 
link fatigue to excessive monotony to those that link fatigue to over- 
stimulation. It has even been suggested that different personality types 
have different biological rythmic cycles which predispose them to be 
fatigued at different times of day (reported in Brown, 1967a). 

There are also some exploratory theories of the relationship of 
sleep-deprivation-induced fatigue to driving. It has been suggested 
that narcolepsy (i.e., the inability to stay awake) may be present in 
many motorists and is possibly an extreme problem for some (Yoss, 1969). 
Case et al . (1970b) raise the intriguing possibility that today, when 
increasing lengths of time are being spent in the automobile, parents 
encourage their children to sleep in the car, thus' conditioning this 
response in later life ^ 

Sleep deprivation is invariably found to result in performance decre- 
ment- Studies of sleep deprivation effects have often been conducted in 
simulators (McFarland and Mosely, 1954; Hulbert, 1963). In these studies, 
decrements in driver efficiency were found, but the subjects had been 
deprived of sleep for over twenty-four hours and were performing in 
laboratory conditions where motivational factors were minimized. Forbes et al . 
(1957) observed the on-the-road performance of drivers who had been de- 
prived of sleep for twenty-four to thirty-six hours* Using dual control- 
led cars, he found a significant difference between the efficiency of 
sleep-deprived subjects and normal subjects measured on such factors as 
drifting^ speed changes, eye closures, calling potential hazards and so 
on. In the extremely sleep-deprived subjects, four out of five dozed at 
the wheel . 

Task-induced fatigue can involve loss of sleep as well as long hours 
at a monotonous task. Studies have shown that drivers, after long periods 
of continuous driving, can no longer satisfactorily rejffulate both sDeed 
and tracking simultaneously or perform other precise tasks (Safford and 
Rockwell, 1967; Herbert and Jaynes, 1964; Piatt, 1964). Other research- 
ers (Brown et al., 1966) were not able to confirm these results. However, 
Hulbert (1972) points out that continuous driving over a period of twelve 
hours begins to include sleep-deprivation effects in addition to the task-- 



33G 



3-165 



induced effects, so that it is not possible at this time to "clearly 
describe the effects that may be solely induced by the driving task/' 
(Hulbert, 1972) 

Mast et al. (1966) studied the effects of fatigue using a model car 
moving belt similator. Several performance measures were monitored 
under six experimental conditions representing length and spacing of 
task time. The minimum fatigue condition was two hours of performance 
split by a two-hour rest period. The maximum condition was si^t Consecu- 
tive hours of task performance. Consistent fatigue-related decrements 
were found on tracking ability and meter vigilance. Speed mainteniance 
and brakelight vigilance also showed fatigue-related decrements under 
certain conditions- Reaction time was found to improve significantly as 
a function of task-time, apparently indicating that learning and task 
accomodation are more important than fatigue and/or that reaction time 
is less sensitive to fatigue. One of the more important findings was 
the role of motivational factors. The subject's knowledge or lack of 
knowledge of how long he was to perform without a rest pause inod^rated 
performance decrements. From this. Mast et al^ Concluded, "These 
investigations show that performance of subjects with distant goal prox- 
imities is affected almost immediately--before one could reasonably 
expect fatigue effects to become apparent -it may be that a different 
level of performance might be expected from drivers faced with a number 
of hours of driving as compared with drivers on relatively short trips/* 

The detrijjiental effects of fatigue upon tracking ability and main* . 
tenance of proper lateral position have been reported by numerous investi- 
gators using simulated drive task devices (Suhr, 1959; Heimstra, 1970; 
Ellingstad and Heimstra, 1970; Sussman and Morris, 1970), Qn-the-road 
observation techniques have produced similar findings (Lauer and Suhr, 
19S9; Foibcc et al., 1958 and O'Hanlon, 1971). 

A significant number of investigators have reported that speed control 
also deteriorat s as a function of fatigue (Forbes et al., 1958; Michaut 
and Fattier, 1964; Safford and Rockwell, 1966). The evidence regarding 
the effect of ctriving time on judgmental factors is not as extensive. 
However, several investigators have concluded that judgmental errors, 
such as risk-taking and discourtesy, increase as a function of fatigue, 
i.e., driving time (Michaut and Pottier, 1964; Brown et al,, 1970; and 
Brown,. 1967b) . 

Using a combination of field survey, correlational and experimental 
methods, Harris et al. (1972) investigated the role of fatigue in com- 
mercial vehicle accidents. Vehicles were specially equipped with mechani- 
cal and electronic devices to monitor performance and physiological 
fatigue indices. Definite physiological fatigue correlates and perfor- 
mance decrements became evident in the fourth hour, increasing through- 
out the remainder of the ten hours, except for a recovery effect near 
the end of the run (goal proximity effect or more stimulating environ* 
ment in areas surrotmding tenninal)- ' A retrospective analysis of acci- 
dent statistics indicated that accidents increased disproportionately 



3-166 



337 



after seven hours and remained higher for all driving times in excess o£ 
seven hours- 

An analysis o£ the data by rest breaks indicated that the first rest 
break (typically after three hours of driving) produced substantial 
amounts of physiological fatigue recovery and fewer driving errors; the 
second rest break (after six hours) produced much less fatigue recovery; 
and the third break (after nine hours) did not even have transitory 
beneficial effects- There was some evidence of cumulative effect on 
level of physiological arousal- Drivers on duty for several consecutive 
days showed earlier declines, lowrer absolute levels of arousal, and less 
recovery from rest periods- 

Other studies have exajnined driving performance among ''types" of 
drivers who report fatigue while driving- Case et al. C1970b) compared 
the simulator performance of three groups of drivers. One group adniitted 
to poor trip planning habits and drowsiness at the wheel- Another group 
reported good trip planning habits, and did not experience sleepiness, 
while driving. A third group was not selected by either trip habits or 
drowsiness- No significant differences were found in the scores on the 
driving tasks between the three groups, but the "sleepy" group signifi- 
cantly differed from the alert group in their ability to safely respond 
to traffic collision situations incorporated into the filmed simulator 
drive. What relationship this behavior bears to real, on--the-road 
behavior is, of course, xmknown. 

These reviewers are aware of only one assessment technique specifi- 
cally designed to measure propensity for driver drowsiness. Yoss (1969) 
developed a ten-minute test based on the correlation between eye pupil 
size and states of alertness. IVhile looking at a distant target, the 
subject's pupil size and pupilary, waves are measured- Yoss found that 
pupilary diameter significantly differentiated well-rested, alert sub- 
jects from those subjects who admitted to severe narcolepsy when driving. 
However, predictive validity has not apparently been established. It is 
difficult, at this point, to estimate wliether such validation is warrant- 
ed. The frequency of ^'narcolepsy" among the general driving population 
is probably low. Nevertheless, the test might prove extremely usefiil 
for a small sub-population of drivers • 

Conclusions and Recommendations 

The magnitude of the relationship between driver fatigiie and highway 
safety remains uncertain, since there are conflicting reports on the 
number of accidents attributable to driver drotvfsiness. 

Laboratory research has clearly demonstrated that a decline in per- 
formance on most driving tasks accomj^^anies both sleep deprivation and 
task-induced fatigiie. However, such research on driver fatigue and 
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alertness also appears to suffer. from an inherent flaw found in many 
other perfonnance investigations--the phenomenon under scrutiny is 
altered by the attempt to measure it. Thus, performance declines attri- 
butable to fatigue may be even greater than reflected in current research. 

Unfortunately, these findings have few implications for diagnostic 
assessment, since fatigue is a transient condition which must be predict- 
ed in advance. Presently, there is little known about the extent to 
which particular individuals may be inclined to drive while fatigued, or 
even whether the probability of driving while fatigued is related to any 
intrinsic personal characteristics- To answer these questions, a reli- 
able criterion measure of "driving while fatigued" is essential. 

To provide such a measure, the most desirable alternative would be 
a criterion based on in-depth acci(ient investigations. However, when 
these techniques are used to reconstruct intangible factors such as 
fatigue, the results have not yet been shown sufficiently reliable. 

There are certain other possibilities. Using a reliable non-driving 
fatigue measure (possibly a physiological measure such as pupil size), 
accurate estimates of fatigue among the general driving population (i.e., 
by roadside surveys at various hours and locations) might be obtained. 
This approach would allow a comparison of personal characteristics 
between a control and a known "fatigued-while-driving" sample, and allow 
concurrent prediction of a driving-related fatigue variable. 23 j£ acci- 
dent investigations can be improved to the point that fatigue can be 
assigned as a definite causal factor, then the resulting "true" predica- 
tive capability would, of course, be preferable. 



Con^aring future driving records of these groups would allow future 
"true" prediction, with fatigue as a predictor variable, but not as a 
criterion. 
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EXPOSURE VARIABLES 



One practical solution to the problem of exposure control is singly 
to ask drivers to estimate their average mileage. This could be done, 
for example, at license renewal* Such personal mileage estimates have 
often been used in research studies to provide some control for quanti- 
tative exposure (total mileage). Questions such as "amount of night 
driving** can also provide information on the more qualitative aspects of 
driving exposure (i.e., the frequency of particular kinds of hazards) • 

The primary problem with subject -reported quantitative exposure in- 
formation is the fact that drivers' mileage estimates are frequently 
very inaccurate. Data is particularly biased when exposure questions 
are asked in a driver licensing or improvement setting, where subjects 
may believe that high mileage estimates help excuse poor driving records • 
Despite this problem, many studies have shown the predictive utility of 
exposure estimates, without qualitative exposure data or control for 
estimation bias. 

Levonian (1963) developed a stepwise regression equation, derived 
from California's point system, to predict '^negligent operator*' status 
among license renewal applicants. He found that the best single predic- 
tor was mileage estimated by the driver (simple correlation with negli- 
gent operator status ~ 0.13)* This mileage variable was more significant 
than numerous other predictors, including age, sex, marital status, 
occupation, and all of a series of vision scores. However, Levonian did 
not atten5)t to assess any qualitative aspects of e:q)osure, nor to control 
for biases within the subjects^ estimatas. In addition, his subjects 
were volunteers. Although the rate of refusal to participate was "less 
than 5%,'* this does allow for introduction of potential volunteer bias, 
McGuire (1969, 1972) found estimated mileage to be the best single pre- 
dictor of concurrent accident frequency among young Air Force enlisted 
men* Similarly, Peck et al* (1971) reported that annual mileage obtain- 
ed by mailed questionnaires was significantly correlated with concurrent 
accident frequency, and also was a significant contributor in a multiple 
regression equation constructed to predict accidents. 

At least one study has produced a conflicting result. Asher and 
Dodson (1970) analyzed data of fatal accident victims who had participat- 
ed in the Project TALENT (Flanagan et al,* 1964) data collection effort, 
Asher and Dodson found that while the fatal accident victims reported 
learning to drive at a younger age than their peers, they also claimed, 
at least at that time, to drive less frequently (P = •OS)* However, 
since the fatalities in this study occurred during an interval of great- 
er than nine years, whi4e the Project TALENT data was collected at one 
time, there are wide variations in the interval between data collection 
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and fatal accidents among the fatality victims. Exposure estimates 
immediately prior to fatal accidents were not available* However, it 
is still possible that limited traffic exposure during high school can 
lead to higher subsequent fatal accident probability or perhaps simply 
higher subsequent exposure. 

There is also a possibility that exposure- estimates merely reflect 
biographical or social factors, rather than actual mileage. When Kraus 
et al. (1970) compared an accident-involved sample of drivers with a 
non-accident sample matched on age, sex, and population of area of resi- 
dence, the authors report that '*the distribution of estimated miles driven 
in the previous year was clearly comparable in the accident and control 
groups." They do not report level of significance. The finding does 
suggest that controlling for exposure (at least exposure as estimated 
by the driver) may be unnecessary if there are sufficient controls for 
biographical variables* However, Burg found total annual mileage to be 
one of the better predictors of accidents even after many biographical 
and prior driver record variables were controlled (1967). 

A study of the errors made by drivers in estimating mileage was con- 
ducted by House and Waller (1971). From a sang^le of students, staff, 
and faculty, these authors collected estimated mileage, actual odometer 
mileage, as well as numerous other predictors, including age, sex, mari- 
tal status, occupation, number of children, model and year of car, and 
indices of interest in and responsibility for the vehicle. They found 
that actual vs. estimated mileage correlated fairly well (r s .65, 
N = 505), although only half of the drivers were able to estimate their 
mileage within 200 miles per month. The authors then developed a regres- 
sion predicting actual mileage from estimated mileage. In addition to 
estimated mileage, the other significant predictors were age, staff 
status, and degree of interest in the vehicle. Although the results of 
this study cannot be generalised to other settings, 24 the study does sug- 
gest the possibility that similar mileage estimate correction studies 
could be employed in other settings. 

Many researchers have attempted to improve upon the unreliability of 
simply asking drivers to estimate mileage by concurrently collecting 
qualitative exposure information. Pelz and Schuman (1971) asked subjects 
to specify a number of parameters of their driving exposure, such as 
length of time spent driving for various purposes, number of daily trips, 
etc. and combined the^e responses into one overall index of exposure, which 
improved prediction." In another study, Harano et al. (1973) developed 



24 

Due to academic setting, non-representative sample, limited number of 
predictor variables, and relatively small sang^le size, 

25 

Pelz and Schuman disagree with computations of errors per mile, arguing 
that this figure always declines for higher mileage groups. 
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several qualitative and quantitative indices o£ exposure when comparing 
accident repeaters and accident free drivers. In an attempt to overcome 
reporting biases and inaccuracy o£ reporting, an exposure index was de- 
veloped by using county traffic density counts for the routes the subjects 
most frequently travelled* In addition, maps were used to obtain mileage 
estimates on routes most frequently travelled Casually between residence 
and work). Attempts to develop total mileage indices by summing individ- 
ual trips and by using the more objective data did not result in more 
discriminatory power between the groups than did merely asking for 
annual mileage* In general, the quantitative aspects of exposure (annual, 
weekly, hours) discriminated better than the qualitative measures (night- 
time/daytime). Similarly, in a later, more in-depth analysis of his 
1967 data, Btjrg (1973) found the qualitative exposure variables to be 
substantially less important than simply quantitative exposure (mileage). 

Harrington (1971) in his study of young California drivers, found 
both annual mileage and qualitative exposure to be significant predic- 
tors (in both simple and multiple correlation) of accident frequency dur- 
ing the first four years of driving- Jones (1973) also analyzed the role 
of exposure in her study of driver training effects. Using a one-year 
criterion period, she found self-reported exposure to be a statistically 
significant predictor, but of much less magnitude than reported by 
Harrington. A possible reason for this difference is that Jones* subr 
jects had accumulated very little driving e^tperience when the exposure 
infonnation was solicited and therefore may not have had an adequate 
reference for producing valid estimates. 

DISCUSSION 

Since both accidents and citations are a partial function of number 
of vehicle-miles driven, it is not surprising that researchers found 
posure (invariably mileage) to be a significant predictor in regression 
equations on these two criteria, Harano et al • (1973) reported that a 
mileage-'Cluster score combination (of estimated annual mileage two years 
prior and miles driven per work day) was a strongly significant predictor 
of accident involvement. McGuixe (1969) found that estimated two-year 
mileage was the second best predictor of accidents, after total number of 
moving violations* Levonian (1967), also using imiltiple regression meth- 
ods, found driving exposure (estimated average annual mileage) to be the 
best single predictor of negligent operator status. Age, sex, and mari- 
tal status were also significant. Numerous other variables, including 
24 vision scale scores, were not significant. These collective results 
would indicate that projects designed to predict future driving behavior 
should include the best available quantitative estimate of driving 
exposure , 

The findings on the qualitative aspects of exposure (e.g*, time of 
day, frequency of various hazards, etc) have been less encouraging. 
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However, these variables have been found significant for certain sub- 
pofpulations, suggesting potential applicability to assessment, particu- 
larly whenever more specific definitions of driver problems become 
available. 
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SUMMARY OF CHAPTER 3 



DRIVER PERFORMANCE AND ABILITY 

Among the research studies examining driver perception, the measures 
of perceptual style (or the related concept of field-dependence vs, inde- 
pendence) have shown the most potential. The correlations of these meas- 
ures with driving errors for the general driving population have usually 
been low. However, these measures apparently interact with biographical 
factors, such as age and sex, to produce decrements in driving performance. 
Thus, further research may demonstrate utility for predicting certain types 
o£ driving errors among certain classes of drivers. 

Research on driver decision problems has been almost exclusively 
limited to drivers* judgements about perceived hazards. To date, few 
o£ the results have been encouraging, although further validation is 
currently underway, 

The Level III research has also developed numerous measures of over- 
all driving performance. These include driving simulators, instrumented 
Vehicles, observer ratings, and sel£--report techniques. 

Of the many studies using driving simulators, few have d^onstrated 
any valid relationship to subsequent actual driving behavior (accidents 
or convictions). None have demonstrated sufficient validity for operation- 
al prediction. The multivariate studies Ce,g,, Harano et al., 1973) have 
demonstrated that simulator performance variables have relatively low 
usefulness when variables from other levels and conceptual areas are avail- 
able. However, simulator measures may still have some utility, particular- 
ly for inexperienced driver groups, for whom lack of adequate skills may 
be a more frequent accident causal factor. 

The remaining Level III measures of overall driving performance suf-" 
fer the same lack of predictive validity as the simulator measures. Addi- 
tionally, the instrumented vehicles often present operational difficul- 
ties. The observer rating techniques often have poor inter-rater reliabil- 
ities. The self-report techniques have not yet been standardized* 

HUMAN CONDITIONS AND STATES 

Biographical information obtained directly from the driver appears 
to have some useful predictive capability. Among the biographical areas 
reviewed, education, occupation, and socio-economic status clusters had 
the highest relationships with accident involvement. These measures may 
in part indicate exposure differences among occupational groups. Smoking 
cigarettes was found in a few studies to predict accident involvement for 
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young males. Other life style variables such as school activities, 
social functions, and clubs showed some relationship with traffic con- 
victions and accident involvment for younger drivers. Each of these 
appear to be one of many aspects of socio-economic status. When such 
socio-economic variables are combined into clusters (which increases 
reliability], their predictive utility becomes very high (Harano et al., 

Biographical variables themselves offer little potential for direct- 
ly describing a driver problem. However, they are usefiil for describing 
sub*populations and clarifying interactions among other conceptual areas 
o£ study (e-g-j attitudes, exposure]. 

Many psychological, social and attitude variables have also been 
examined. Among these, the more transient life stress factors (e-g^j 
marital problems, financial problems, etcO have the highest apparent 
relationship to accident involvement. However^ life stress has been 
examined almost invariably by retrospective studies, which do not provide 
clear Indications of utility for future prediction. Por these life stress 
factors, a future pred3f'^'\e study coL^of^ting recent life stress data is 
needed . 

To examine more stable personality characteristics 5lnd traits, in- 
vestigators have employed hundreds of asse^ssment instruments and individ- 
ual items, IVhile many of these have produced significant results, cor- 
relations have been uniformly lov.* 

Among the assessment techniques developed in the area are several 
"second and third generation" instraments - The most predominant approach 
appears to be initial it€jm analy.sis; of batteries of standard personality 
tests Ce,g., MMPI] , and the selection of di .^criminating items for J^ub- 
sequent efforts. Other investigators hav^o selected items on an a priori . 
basis, which were considered on face value to be related to driving 
behavior . 

There are few marked differences in reliability among the personality 
tests, and most use similar scaling methods. Several current tests 
have either been derived specifically for drivers, or are general person- 
ality inventories based on items and concepts from previous inventories. 
The uniform application of two or three te^>t5 to a wider population base 
is needed, which would clarify appropriateness of certain techniques for. 
subcultures, age groupings, etc. The current lack of standardised data 
on any one test limits generality of findings. A longitudinal follow-up 
combined with observation of driving behavior and the examination of the 
temporal influence of social stress should help determine the utility of 
personality assessment in traffic safety as well as in other social prob- 
lem areas. 

Attitudes, particularly attitudes toward driving, have also been 
extensively studied* Among particular sub-populations of drivers C^-g-, 
younger drivers] most results have been encouraging. Further research 
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is needed to determine the differential applicability of these kinds of 
measures across all sub-populations of drivers, particularly to predict 
various specific driving errors- 

The medical and physiological variables in Level III included only 
alcohol and fatigue assessment, since most other medical assessment must 
be conducted by a physician, and was therefore included in Level I. 

Much research has been directed toward the assessment of alcohol- 
related driver problems. Many of the studies focus on assessment tech* 
niques which have utility for the diagnosis of drinking problems in an 
operational setting such as the courts, or driver improvement licensing 
agencies < 

While most early studies related single factors to alcohol involve- 
ment, current efforts generally use a *T)attery*' approach, using data frtm 
several sources- This latter technique has provided a steady accijmulation 
of alcohol-related information, within both the traffic safety counter* 
measures area and the general predictive assessment of drinking problems- 
The most widely-used assessment technique appears to be the Mortimer* 
Filkins Questionnaire/Interview, This instrument was reported to be in 
use by 15 of 23 ASAP programs in 1974 for assigning drivers to counter- 
measure programs. Unfortunately, a review of the 1974 programs did not 
reveal additional validity or reliability data. 

Although most efforts attempted to relate drinking diagnosis to 
driving performance, the validity coefficients were low (concurrent). 
None of the studies reported predictive validity efforts. 

The primary reason for low predictive validity is the unreliability 
and rarity of the criteria themselves (e.g., recidivism, accidents, etc). 
Attempts to overcome the criterion deficiency problem are seen in efforts 
to 'Tjuild*' multiple criteria or combinations of several drinking (non- 
driving) and drinking (driving) indices (e.g., Mortimer et al., 1971, 
**CRIT**) . The use of such indices appears to be a feasible ajid useful 
direction for developing a more reliable measure of both alcohol-related 
driver problems and alcohol-related problems in other social areas. 

The studies reviewed indicate that the questionnaire/interview ap- 
proach to diagnostic assessment is operationally feasible. In the MAST, 
originally intended as ^ interview, a self-report form has been develop- 
ed and tested by non-professional personnel. The reliability results fran 
the HSRI Protocol (M-F) indicate that only a small increase in reliability 
is gained by administering both the interview and questionnaire, although 
for research purposes it may be desirable to include both. Follow-up 
studies using the *'Life Activities Inventory*' will be useful for deter- 
mining the effectiveness of rehabilitative efforts in changing drinking 
patterns as well as providing criteria for validating initial diagnoses 
based on such instruments as the HSRI Protocol, 
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Currently there appears to be good potential for the diagnosis of ^ 
general drinking problems- The utility for predicting drinking and 
driving problems, however^ remains to be proven. 

The role of fatigue in accident causation is, at best, unclear, since 
accident investigations cannot routinely determine whether driver fatigue 
was a causal factor. Many studies have shovm that driver performance 
deteriorates with sleep deprivation or task-related fatigue. However, 
since fatigue is both transient and difficult to detect, the potential 
applications of fatigue assessment are limited to predicting "propensity 
of driving while fatigued." As a result, only a limited anount of 
research has been directed toward the assessment of driver fatigue. 
These efforts to date have not been very successful. In the future, when 
more accurate and reliable physiological measures of fatigue (i.e., which 
can be administered on-sit$, similar to current BAG testing) can be 
developed, this area would appear to be a fruitful one for research, 
since the number of accidents caused by fatigue is unknown, but possibly 
very great. 



EXPOSURE VARIABLES 

In an attempt to predict accident liability or to control accident/ 
violation ratios by exposure, several investigations have obtained test 
exposure estimates directly from study subjects. Both qualitative (e.g., 
driving at night) and quantitative (e.g., mileage) estimates have been 
used. The primary problem with the exposure estimates is that they are 
subject to biases and errors- Despite this problem, estimated exposure 
information has been found to be a relatively good" predictor of accident 
involvement, similar to biographical variables found in Chapter 1 (e.g., 
age, sex, marital status). Generally quantitative measures are better 
predictors than qualitative measures- However, for certain groups of 
drivers and driver -specific errors ^ qualitative measures could be combined 
with quantitative measures to further increase prediction- 

CONCLUSION 

A review of several different conceptual areas revealed that the 
study efforts have much in common. Several methodological problems 
appear consistently among the studies reviewed. Foremost are the numerous 
small studies, of:e:i using conceptuc^ly similar instTTiment:^; v;hich tend to 
confuse the role of person-centered tactors. Few studies have analysed 
the data for accident liability patcems, or clearly delineated concepts 
such as the interaction between person^centered variables and situational 
influences. Additionally, most studies employ only univariate comparisons 
on a series of variables- This approach does little to clarify interactions - 
Another difficulty has been the poor criteria (namely accidents) which are 
traditionally used to validate such techniques, rather than the psycho- 
metric properties of the test per se. Finally, most 5tudies have been 
retrospective or concurrent, not *'truo*' predictive- V/liile such studies 
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are certainly useful to explore relationships, they reflect the relative- 
ly primitive development in the research area o£ accident prediction. 

There appears to be a general lack of theoretical framework and 
rigorous definition of concepts for the construction of tests. Several 
investigators have suggested the need to define person-centered charac- 
teristics as they relate to driving behaviors (Case and Stewart, 1958; 
McFarland, 196S; and Lucas, 1970) , recognizing that driving behavior i3 
but one aspect of adjustment to society. McFarland (1968) suggests 
that personality characteristics, for example, interact with social 
stress to form a cluster of social behaviors or an "adjustment complex." 
These social stresses paired with adjustment problems can increase the 
frequency of maladaptive behavior. Lucas (1970) comments further: 

"If a wide variety of traits are involved in a wide 
variety of accidents there is a low possibility of correla- 
tion since accidents are rare.,. Possibly personality fac- 
tors interact with attitude to cause excessive variance-" 
(Lucas, 1970) 



There is little doubt that maladaptive personality characteristics, 
interacting with transient stress or social problems, can be related to 
crashes. Combining these factors with performance deficiencies, alcohQl 
consumption, other hiiman conditions, and high exposure presents a very 
complex picture. Rarely have studies addressed the many human factor 
areas simultaneously to determine the relative importance and interaction 
among these areas • 

iR^rovements in research methodology should help clarify the utility 
of techniques. Several questions were raised by the review. How well 
can results be verified by cross-validation? How reliable were the 
scales for different populations? If results had been analyzed in a 
multi-variate approach, would personality "types" or patterns have been 
more useful than simple univariate comparisons on each of the scales? 
How do the techniques compare in terms of reliability and validity? Do 
the conclusions generalize to other populations? Would e:q)osure control 
result in different findings? Answers to all of these questions can be 
addressed in well-designed and controlled studies. 

The 1966 review of traffic safety literature by A. D. Little^^ reached 
much the same conclusions: 



26 

Additional review articles which were useful in compiling the present 
review included Adams (1970) and Schuster (1970). 
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Chapter 4 

SUMMARY AND RECOMMENDATIONS 



sm'MARV " 

The state-o£^the-art review demonstrated that Level I data sources 
have the greatest current utility for diagnostic assessment in an oper- 
ational setting, based on the relatively inexpensive means o£ data 
retrieval and the consistency o£ significant predictors found at this 
level. Level II data, although presumably less difficult to obtain than 
Level III information (i-^-j other agencies may already have stored as- 
sessment dataj, presents several legal and logistical problems* Privi- 
leged information requirements and a lack of coordination between agen- 
cies represent some of the obstacles* Although generally low in present 
utility. Level II sources appear to have good potential for diagnostic 
assessment, since in-depth evaluations conducted by professionals Ce*g-, 
accident investigators, physicians, psychologists, etc) could be made 
available. Level III data usually requires further research before its 
operational utility can be determined, since, by definition, it is cur- 
rently not widely used for assessment in social control agencies • For 
general application to the driving public, the use of Level III sources 
is more costly, and often requires trained personnel. Operational appli 
cations appear to be limited to selected populations exhibiting a major 
problem at Level I, e,g., drivers suspected of having a drinking problem 

Since comparisons of the findings of different research studies are 
frequently complicated by differing methodologies, samples, and data 
collection procedures. Figure 4-1 presents some of the results from one 
of the more comprehensive studies, in which a broad range of assessment 
variables was administered to a single sample of drivers • These correl- 
ations demonstrate the magnitude of prediction which can be expected 
using many of the techniques discussed in the state-of-the-art review,^ 
In general, prediction is highest for the driver record performance vari 
ables, and the variables at other levels measuring education, occtqpation 
socio-economic status, and driving exposure (all of which are also inter 
related^ , 

The following ^ction will summarize the findings on the utility of 
assessment techniques within conceptual areas* 



Expected prediction would be somewliat lower, since this study ^ployed 
a contrasted sample. 
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■Measure From Gordon Par^ona^ 
Profile (GPP) or Gordon Personal 
Inventory (GPl) 



SoUrcv^ All correlations from Harano, 
McBride, and Peck (1973). 
Three Year Record Predicting 
Concurrent, Non-Spurious 
Jhr^B Year Accidents 



UVEL I: 
PfftFOAHANCE MEASURES: 
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or rcvol^eJl .2t>'t 
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( Hwicr nins .il""" 
ijiOtjU ^fHUJCt iijn^ . I 

{inw, n^cVk^'iS, hit 9nd 
rini> ett*, .Uj3 
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-.UUI 

llvi}!tit 
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EXPOSURE MEAStJTlES: 

Clhuicv of rO!^ jdcncf > ^(iSU 
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Pprt-Cipe liiqilaynuflt ^17 
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Service Worlttr aSS 
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Ctircc yciirs) . 
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LEVEL ni: 
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(Number of errors) *10S 

Standard Deviation of 

Simulator Sppetl -^024 

Siflulitor Steering Wn^c] 
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FIGURE 4-1. MAGNITUDE OF SELECTED ACCIDENT 

PREDICTORS BY LEVEL OF OBSERVATION 



Figure 4-^1 (Continued) 
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ASSESSMENT OF FINDINfiS BY CONCEPTUAL AREA 
Performance 



Driver record performance data (Level I) are the most useful 
predictors of subsequent driving performance. Total traffic convictions 
appear to be the best single predictor, followed by prior accidents. 
Specific conviction types are especially useful to identify particular 
driver problems. However, several deficiencies were identified which 
reduce the utility of driver record variables, such as selective enforce- 
ment and court procedures (e.g., plea bargaining, reduced charges, etc.). 
More uniform enforcement and adjudication should improve the utility 
of driver record information. Although on-road testing is a direct meas- 
urement technique, it was considered a Level I variable since it is a 
driver record variable, but current validation studies have not deter- 
mined its predictive utility. Prior sanctions, or attendance at driver 
treatment programs were also found to be of low utility, but may become 
more useful when the programs are more fully evaluated. 

Level II performance variables may provide slightly improved qual^ 
itative description of driver errors, since the descriptive information 
on culpability and driver errors (e.g., BAC, deviation from speed limit) 
can provide predictive capability beyond Level I information. 

Level III performance variables (e.g., simulators, instrumented 
vehicles, etc.) are primarily utilized in a research setting and provide 
little operational potential at this time- Computer simulation technol- 
ogy may eventually provide a partial answer for diagnostic problems with- 
in a dynamic testing environment- 

Biographical 

Most studies have shown that biographical variables are important 
predictors of driving records. Age, sex, and marital status are the most 
important at Level I* However, these variables provide little insight 
as to the nature of the driver problems. They are useful as a starting 
point in partitioning the driving population into accident liability 
classes, since accident rates vary markedly across different age, sex, 
and marital status groupings/ Occupation and socio-economic status are 
generally more difficult to obtain, but demonstrate predictive capabil- 
ity paralleling driver record data. Ifliile these variabljes may be avail- 
able at Level II (even occasionally at Level I), the av^lability is not 
uniform, and direct inquiry of the driver is generally required (Level III). 
Information on life styles (Level III) provides insight into underlying 
problems and characteristics of the driver within the age, sex, and mari- 
tal status groupings of Level I. Job, financial, and marital stresses 
were often found to be associated with more severe crashes (and in those 
involving alcohol use). However, most studies on life stresses were 
retrospective, so the predictive utility of such variables is not knowii. 
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Psychological /Social /Attitude 



Although niimerous studies have employed psychological measures for 
driver assessment, overall utility relative to driving performance is 
low. Level I does not contain variables which would traditionally be 
labelled "psychological/' but one potential indicator of underlying 
attitudes (as well as socio-economic factors) that is^ available at 
Level I is the year, weight, and model of the driver's vehicle. Level II 
sources can provide the most in-depth information (e.g., mental health 
agency records), but assessment is often restricted to a narrow popula- 
tion. Additionally, for legal and ethical reasons, agencies are frequent- 
ly reluctant to disclose personal information. Level III techniques ap- 
pear to have the most current utility for obtaining psychological and 
social data. For certain sub-populations, psychological and attitude 
factors appear to play a major role in driving, but applications to the 
general public have lower utility. Costs of mass test administration 
are also high. Retrospective studies of fatal drivers often demonstrate 
highly deviant life styles and situational stress. However, for predic- 
tive purposes (which is the primary concern in diagnostic assessment), 
these variables have yet to demonstrate high predictive utility. 

Medical /Physiological 

With the exception of alcohol problem assessment and perhaps visual 
testing, the assessment of medical factors does not appear to have gener* 
al applicability in the prediction of accident liability. This may in 
part be the result of current restrictive screening procedures (self' 
imposed and administrative policy) in licensing which limit the driving 
exposure of those with major medical impairments. In addition, drivers 
more acutely aware of their medical limitations may compensate for their 
deficiencies. In fact, there is sane evidence to suggest that certain 
sub -populations (e.g., physically handicapped) may have lower accident 
involvement rates than the general population (due, in part, to lower 
driving exposure). Level II could be a major source of medical infor- 
mation. Its utility is highly dependent on coordinated efforts between 
public health agencies, physicians, and licensing agencies. Some medi- 
cal information is retained by licensing agencies, but it is not often 
complete or comprehensive. 

Recent research has demonstrated some potential for diagnostic 
assessment of vision problems. Since vision testing is currently con- 
ducted on a large portion of the population (license examinations), it 
does provide an opportunity to identify driver problems. However, the 
relationship of vision to driving remains unclear. For certain groups, 
poor vision is related to poor driving performance, but for other groups, 
poor vision may indicate better performance. Further refinement of 
vision testing (including perceptual measures) is currently underway, 
which may clarify these contradictory findings. 



Techniques to assess alcohol-related errors have been at least 
partially successful, A major problem has been the fact that the avail- 
able criterion measures (alcohol -related accidents, or driving-while- 
intoxicated (DWI) arrests) are naich less frequent events than total 
accidents or total convictions • However, both prior DWI convictions and 
Blood Alcohol Content (BAG) at time of arrest are still among the best 
available predictors of future alcohol-related driving problems • Most 
current Level III assessment efforts are directed toward the small popu- 
lation of drivers arrested for drinking and driving. These approaches 
are frequently confined to identifying the magnitude of a drinking prob* 
lem (and usually include treatment). Ifliile some of these diagnostic 
efforts have been relatively successful, their potential impact on the 
accident problem is limited, since many alcohol -related accidents do 
not involve "problem" drinkers- No Level III diagnostic approaches to 
date have shown the ability to predict future drinking-and-driving 
problems* although a few appear useful to predict drinking problems. 
Further validation efforts will be required to judge thegoVerall impact 
of current alcohol diagnostic procedures. 

Exposure Variables 

Many research studies have shown the relationship between increased 
driving exposure and increased accident potential. Exposure variables 
are those variables which do not assess intrinsic characteristics of the 
driver, but which do reflect the quantitative (e.g., mileage) and quali- 
tative (e.g., rush-hour driving) hazards of his driving environment. 
Using information from Level I sources, accident rates and types have 
been found to vary markedly by geographical areas (urban vs. rural), and 
local traffic density. These kinds of (non-individual) variables are 
useful when, for example, different assessment procedures might be 
established for different (exposure) jurisdictions. Level II exposure 
variables appear to have the highest potential in the area of selective 
enforcement, since knowledge of high accident areas niay result in optimum 
personnel allocation and driver error identification. For individual 
assessment, however, useful variables are again, not often available in 
a coordinated manner* The Level III assessment of amount and kinds of 
driving e^iposure holds the most promise for individual prediction. In 
those multiple regression studies employing reported mileage^ most meas- 
ures (e,g,, on-job mileage, annual mileage, etc.) were highly significant 
in predicting accident involvement at a level parallel to driver record 
and biographical data. In general, the quantitative measures were found 
more useful than the qualitative measures* Further research is needed 
to determine accurate means of measuring both qualitative and quantitative 
exposure. 



UTILITY OF COfiCEPTUAL AREAS BY LEVEL 



To provide some empirical estimate of the relative strength and 
importance of the various levels of observation and conceptual areas, 
several multiple regression studies were examined. Although the regres- 
sion method does not take into account interactions, 2 and asstimes linear- 
ity of relationships, the results are useful primarily to determine the 
relative importance of predictors. 

Studies have been selected for presentation which provide relative* 
ly stable estimates of relationships (large sanqples) , and which employed 
a wide range of assessment variables (hy both level and conceptual area). 
These studies included Harano et al. (1973), Harrington (1971), and Peck 
et al. (1971). 

To obtain an estimate of the strength of variables in predicting 
accident liability across the various studies, a relative index was 
derived* The index is simply the variable's rank order within the 
regression equation divided , by the total number of significant variables 
in the equation*^ This calculation provides a measure, ranging from 
0 to 1, of a variable's relative importance in predicting accidents. 
The-higher the index, of course, the greater the variable*s relative 
strength in the equation* This provides some means of comparing vari- 
able strength, or utility, across various studies* 

To then summarize the. relative strengths of conceptual areas and 
levels of observation, the average index was computed (see Table 4-13* 
(In those cases where two or more related variables were significant in 
an equation, such as total convictions and one-count convictions, the 
lower-ranked value was omitted in computing the mean*) These results 
are grouped in decreasing order in Table 4-2, which shows that Biogra* 
phical data (Level 1) and Exposure data (Level III) have the highest 
average index, followed by Socio-Economic Status (Level 11) and Perform- 
ance (Level 1)* Since this analysis is somewhat primitive, and in part, 
a function of the variables included (in addition to idiosyncrasies of 
the sample and criterion), there is probably little "real" distinction 
in the relative strength of variables receiving the highest indices. 
The remaining variables appear to be less useful* 



Interactions and curvilinear relationships can be built into the method 
via transformations during coding, but this approach is somewhat ineffici- 
ent and rarely used* 

3 

Other factors, such as the total number of initial variables, could have 
been included in this index* However, because o£ other methodological 
differences among studies (e*g*, sample sire, length of driving record, 
otc*3 the inclusion of this factor was felt to be an undue complication* 
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TABLE 4-1. SUMMARY OF REGRESSION FINDINGS 



LEVEL OF 
OBSERVATION 


PERFORMANCE 


BIOGRAPHICAL 


PSYCHOLOGICAL/ 
SOCIAL/ATTITUDE 


MEDICAL/ 
PHYSIOLOGICAL 


DEMOGRAPHIC 


I 


Prior convic- 
tions, prior 
accidents, misc. 
driver actions 

Mean Index; 


Age, marital 
status, weight, 
age licensed 

Mean Index: 
" = .69 

X 


Make of car, 
vehicle year, 
vehicle weight 

Mean Index: 


Variables preseni 
but not signifi- 
cant in relation 
to other vari- 
ables* 


Variables not 
included in 
analyses 
presented 


II 


Variables not 
included in 
analyses 
presented* 


Socio-Economic 
statis, occu- 
pation, educa- 
tion 

Mean Index: 


Variables pres- 
ent but not 
significant 
relative to 
other vari- 
ables. 


Variables not 
included in 
analyses pres- 
ented. 


Variables not 
included in 
analyses 
presented. 


III 


Simulator per- 
formance, co- 
ordination 

Mean Index: 
' = .24 

X 


Clubs, activi- 
ties, home 
status 

Mean Index; 
' = .34 

X 


Attitude and 

Personality 

factors 

Mean Index: 


Variables not 
included in 
analyses 
presented. 


Mileage (annual , 
weekly, on-job 

Mean Index: 
' = .69 

X 
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TABLE 4-2. AVERAGE INDEX FOR CONCEPTUAL AREAS BY LEVEL 





Conceptual 


Mean Rank 


Level 


Area 


Index 


Level I 


Biographical 


.69 


Level in 


Exposure 




Level II 


Socio-Economic 


.59 


Level I 


Performance 


.51 


Level III 


Psychological 


.37 


Level III 


Biographical 


.34 


Level I 


Psychological 


.28 


Level III 


Performance 


.24 
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METHODOLOGICAL LIMITATIONS 



For the most part, traffic safety research has addressed total acci- 
dent involvement as the primary criterion for predictive purposes. This 
approach has suffered from several methodological limitations. The larg- 
est single problem has been the fact that accidents, at least in the 
United States, are extremely rare events, occuring about once every ten 
years for the average driver. Statistical prediction of such a rare 
criterion, especially using correlational methods, is necessarily limited. 
To overcome this problem, researchers have frequently attempted to use 
traffic convictions rather thm accidents as a criterion measure. 
However, the relationsliip between convictions and accidents is unclear- 
Correlations between the two measures are low (^approximately .05 - .12), 
suggesting that prediction of convictions may have little relevance to 
accident causation. 

To overcome the criterion deficiency problem (rarity of accidents/ 
violations), investigators have frequently resorted to retrospective 
research designs using intact groups of accident repeaters or traffic 
violators. While this approach may increase the probability of signifi- 
cant results, it suffers from a lack of generality to other populations. 

In defense of the efforts to date, accident research is a very com- 
plex and difficult area of investigation. Most studies have been concur^ 
rent rather than predictive, since: 

• Generally, study subjects can be easily located and tested 
within, for example, an operational licensing agency setting,, 
rather than resorting to random population selection; 

• Concurrent prediction can be accomplished without waiting for 
-long time periods; and 

• Retrospective studies, especially when contrasted groups (e.g., 
accident repeaters vs. accident-free drivers) are used for com- 
parison, tend to circumvent the ^'rare-event*' problem. Hov/ever, 
since deviant individuals are highly over-represented in the 
sample for comparison, the relationships are also inflated and 
non-general izable. 

Although these retrospective studies are useful for exploratory 
purposes, the general paucity of predictive studies limit conclusions 
as to operational utility of assessment techniques, since in predictive 
applications, the magnitudes of relationships generally shrink to much 
lower levels. 

The second problem that arises from the use of total accident involve- 
ment as the primary criterion for accident prediction has been the fact 
that the indiscriminate grouping of different types of accidents (or 
convictions) diminishes the utility of assessment techniques for particu- 
lar driver problems. Pew studies in the review attempted to differentiate 



1 

between the many types of accidents or violations. Relationships between 
specific assessment techniques and specific drivers may be especially 
relevant, since different types of individuals may be involved in differ- 
ent types of accidents. However, further fractionating accidents into 
error categories does reduce criterion stability by increasing the rarity 
of the criterion event. 

Researchers have usually recognized the need for a stable measure 
o£ driving behavior which describes the entire driving task. Intermediate 
criterion measures^ such as observation of the driver in test situations, 
have been offered as one alternative, but predictive validity has not 
been demonstrated* Additionally, the alternatives usually present a 
host of other problems (such as the effect of the artificiality of the 
test situation), which in turn reduce validity. None of these inter- 
mediate criteria presently show useful relationships with ntjmbers of 
accidents, injuries and fatalities, or dollar damage. Finally, costs 
and operational infeasibility also limit most alternative criterion 
measures- 

Recent efforts, such as the multidisciplinary accident investigations, 
should improve our knowledge of accident causal factors and identify vari- 
ations among driver sub-populations. However, the limitations of making 
causal inferences from after-the-'fact data should be considered. 

Test reliability is an issue rarely addressed in current studies. 
Although reliabilities are often reported elsewhere for standardized 
testSjt questions invariably arise concerning the appropriateness of 
tests for various sub-populations. The extent to which background 
characteristics interact with test reliability raises additional ques- 
tions about the relevance of tests and devices for specialized sub* 
populations. TJiere is a definite need to conduct more extensive reli- 
ability studies. This is especially important in operational settings, 
where respondents can be expected to "fake'' their responses, rather than 
admit to a problem. For example, Schuster et al, (1962) demonstrated that 
"surface" safety attitudes can be faked in a socially -desirable direction. 

Retrospective designs were overwhelmingly represented in the studies 
reviewed. The influence of prior driving experience on responses direct- 
ly dealing with driving items would also be expected to affect both 
reliability and validity of a measurement device. 

Despite these problems, the lack of a stable criterion measure of 
driving behavior, rather than the psychometric properties of the tests 
themselves, seems to be the primary reason for the generally low util- 
ity. The low frequency of accidents, combined with multiple causal 
factors, environmental and vehicular factors, and other characteristics 
of the driver not related to person -centered variables (e,g,, transient 
factors, hazards, etc), all contribute to the low utility of diagnostic 
assessment techniques. 
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The lack of adequate conceptual development of assessment techni- 
ques often leaves unanswered the question of how test items or measures 
relate to each other or to driving behavior. The inter -relationships 
among areas of observation (e.g., performance, biographical, psycho- 
logical) have not been adequately examined to trace the interactions 
of person- centered characteristics and driving errors. 

For the most part, research has not comprehensively applied assess- 
ment techniques, employing only a few assessment areas at a time, such 
as personality, or prior driving record, as predictors. This approach 
has unfortunately resulted in much confusion as to the relative useful- 
ness and importance of assessment techniques. 

Additionally, the majority of studies reviewed employed significance 
tests on numerous single variables within a study. Such an approach (in 
addition to being inefficient) does not account for inter-relationships 
or interactions among predictor variables. Multivariate approaches 
(factor analysis, cluster analysis, regression, etc.) are much more 
powerful and appropriate techniques. ^ Another criticism of the research 
reviewed is the lack of intcrcorrelation data on tests and variables — 
either not reported or not computed — especially in studies reporting 
only univariate comparisons of several variables. 

Most of the studies reviewed did not report cross-validation results; 
this failure has been a major reason (in addition to small samples) for 
conflicting findings. The use of a large number of tests (sometimes 
larger than samples used) increases the probability of achieving signi- 
ficant findings purely by chance- 
Many of thfe methodological issues discussed here are summarized in 
Table 4-3, 



These techniques are relatively "robust,'' and using large samples, 
violations of assumptions (e.g., non-normal distributions) are miti-- 
gated. At any rate, predictive estimates tend to be conservative, \ 
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TABLE 4-3. SUMMARY OF RESEARCH/METHODOLOGICAL PROBLEMS 



APPROACH 


RESULT 


RESEARCH DESIGN: 






# Small samples 


• 


Unreliable results; low 
statistical power 


# Retrospective design/ 
Contrasted groups 


'# 


Possibility for criterion 
contamination, over-inflated 
results, not generalizable 


• Large number of tests 
Small number of subjects 


# 


Significant results occuring 
by chance 


• No cross-validation 




Results may be inflated or 
due to chance 


# No provision for reliabil- 
ity 




Lack of knowledge concerning 
precision of instrument 


DATA ANALYSIS: 






• A series of univariate 
statistical analyses 


• 


Does not take into account 
interactions or colinearity of 
variables; inefficient, simi- 
1 cLx concepiK b iKred-iKcQ axrrer ~ 
ently 


* Tests of significance 
(function of sample size] 




rail to poinL oul magnn^uae or 
difference, or measure or 
association 


CRITERIA: 






# Total accidents/violations 




Do not differentiate between 
types of behaviors 


# Accidents 


# 


iVhilti-causal portion attributable 
to human factors not delineated; 
rare, unstable events--need 
reliable measures of driving 
behavior 


# Exposure data lacking 




Failure to test hypothesis of 
''exposure proneness" either as 
a criterion variable or as a 
moderator variable 


THEORETICAL CONCEPTUAL: 






o Lack clear definition of 
personality traits/risk- 
taking, etc. 


# 


Measures at different levels of 
meaning 


• Univariate concepts 


9 


Disregard patterns, constellations 
of patterns or types of problems; do 
not consider interaction of differ- 
ent levels of measurement 
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RECOMMENDATIONS 



SHORT-TERM EVALUATION REQUIREMENTS^ 

Based on the findings o£ this review, a prototype model assessment 
system using currently available techniques was developed* (This model 
is described in Volume II> Assessment Techniques fox Operational Users ,) 
The model was developed in response to the question, "What can operation- 
al assessors do now to identify driver problems?" It includes those 
variables fand techniques) at each level of observation within all con- 
ceptual areas^which appear inost promising* Short-term evaluation will 
require application of the assessment approach in an operational setting 
to verify the utility of the assessment techniques and to refine the 
scoring procedures. Both reliability and validity fcDncurrent and pre- 
dictive) evaluations of the assessment technique will be required. 
Sequentially, the evaluation would first address both internal and tem- 
poral consistency of the assessment variables, as well as concurrent 
validity. An empirical scoring system would then emerge from these 
analyses to permit more accurate diagnosis of driver problems. 

Validation must then address the predictive validity of diagnostic 
assessment. Detailed follow-up informtion on subsequent driver errors 
fnot solely total accidents) are required to validate initial problem 
area diagnoses. In addition to the collection of detailed driver error 
data, accurate severity and cost information would help to identify 
cost-effective applications. Because of the requirement for detailed 
follow-up data> very large samples and lengthy follow-up periods would 
be required to obtain stable criterion estimates, ^Specific plans for 
the conduct of these evaluations are presented in Volume II,) 



DIRECTIONS FOR FUTURE RESEARCH 

There are several directions which must be taken in futiire ''long- 
terra" assessment research* There is a definite need to conduct a large- 
scale effort to evaluate the utility of variables and/or conceptual 
areas in predicting both accident liability and specific driver prob- 
lems over an extended time period* It is recommended that researchers 
concentrate their efforts on long-teirm validation of selected assess- 
ment techniques. The consistent application of fewer instruments using 
adequate research methodologies may help to clarify many of the unresolved 
issues < A more comprehensive data collection effort is also recommended 



5 

Both *'short-*' and "long-term,** as employed here, do not necessarily 
reflect a time dimension. The primary distinction is the level of 
effort and the nature of th^ questions to be answered* 
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to avoid much of the confusion resulting from past '*pieceiTieal" approach- 
es to the problem. The most feasible approach for driver assessment is 
to select promising techniques and validate them in an operational set- 
ting. Once valid techniques have been established and evaluated through 
a comprehensive research program, more complex applications can then be 
developed. 

^ Evaluations should provide answers regarding the utility of assess- 
ment tecTiniques for particular accident liability classes Cdif ferential 
assessment), effective *'life span'* of predictor variables, and the cost- 
effectiveness of as.sessment. The need for differential assessment is 
related to the previously^mentioned concept of change. It would be ex- 
pected that for accident liability classes composed of young people, 
there would be a need for frequent assessment of status because of rapid 
life style changes. The operational implication is that license renewal 
or intervention based on driving problems for these groups might occur 
at shorter intervals than for middle-aged grotqps. In addition, for the 
population over 65 years old, some states have proposed shorter renewal 
periods. The above factors have important Implications for the research 
design employed. After ijolection and refinement of all variables from 
short-term evaluation, the long-range efforts can proceed. 

Ke will tentatively suggest that these efforts include mandatory 
assessment of a very large population (perhaps new license applicants and 
re-licensees), a long-term longitudinal follow-up, and an evaluation on 
a wide range of predictive criteria (possible including on-site, in-depth 
accident investigations) , 

The possibility exists th^t variables may be useful predictors for 
different time periods. Long-term research designs should allow for 
evaluation of the possibility that variables initially collected will 
have a different effect over time. For example, an attitude or personal- 
ity measure may be less useful for long-tenn prediction than more stable 
characteristics, such as perceptual style or chronic illness. Long-term 
assessment evaluations should be designed to examine the ^'effective life- 
span" of all predictor variables. 

Of particular importance to the administrator would be the prediction 
of some sort of severity scale. Data for creating such a scale can be 
found in accident records in most states. Prediction of a severity scale 
would give the administrator a rough idea of the amount of damage or 
"societal cost'* which will be produced by different accident liability 
classes, rather than simply the probability of their having an accident. 
This will allow better estimates of countermeasure cost-effectiveness- 

The ultimate value in assessment, of course, lies in the referral 
of the driver to the program best suited to modify his particular prob- 
lem^ or alternatively, in the imposition of administrative sanctions 
which limit his risk exposure. Therefore, diagnostic assessment of 
driver problems must become an integral part of the treatment process. 
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Long-term evaluation should be concerned with the evaluations o£ assess- 
ment methods and treatment programs (neither of which can currently be 
considered adequately refined) < Subsequent efforts could then include 
the evaluation of combined assessment and treatment, commonly 
referred to as ^'tailored treatment programs*^' 

The lack of continuity in research applications was a primary 
reason for the relatively few refined instruments found in the litera- 
ture. Although basic research should parallel an evaluation of an 
operational assessment approach, very rigid criteria should be imposed 
On operational evaluations to ensure continuity. 

Assessment must be optimized through an iterative process, i*e., 
the technique development* refinement cycle. Optimization is a process 
of tracing the interactions of techniques (concepts) with driving prob- 
lems, and determining their relevance to particular accident liability 
groups. Improvement in criterion description C®-g-j causal factors, 
accident types) for research and operational programs should result in 
improved prediction of driver problems* Technique development can then 
move toward more refined procedures for evaluating performance in a 
testing environment. 
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